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GLOSSARY OF TERMS

Aggradation:  General and progressive buildup of the longitudinal profile of a channel bed due
to sediment deposition.

Alluvial Channel: Channel wholly in alluvium; no bedrock is exposed in channel at low flow or
likely to be exposed by erosion.

Alluvial Stream:   A stream which has formed its channel in cohesive or noncohesive materials
that can be transported by the stream.

Alluvium:  Unconsolidated material deposited by a stream in a channel or floodplain.

Annual Flood: The maximum flow in one year (may be daily or instantaneous).

Average Velocity: Velocity at a given cross section is determined by dividing discharge by cross
sectional area.

Backwater:  The increase in water surface elevation relative to the elevation occurring under
natural channel and floodplain conditions.  It may be induced by a bridge or other structure that
obstructs or constricts the free flow of water in the channel.

Bank:  The sides of a channel between which the flow is normally confined.

Bank Left (Right):  The side of a channel as viewed in a downstream direction.

Bed:  The bottom of a channel bounded by banks.

Bed Layer:  A flow layer, several grain diameters thick (usually two) immediately above the
bed.

Bed Load:  Sediment that is transported in a stream by rolling, sliding, or skipping along the
bed.

Bed Material:  Material found in and on the bed of a stream (may be transported as bed load or
in suspension).

Bed Shear:  The force per unit area that is exerted by a fluid flowing past a stationary boundary.

Channel:  the bed and banks that confine the surface flow of a stream.

Clear-Water Scour:  Scour at a pier or abutment (or contraction scour) when there is no
movement of the bed material upstream of the bridge crossing at the flow causing bridge scour.
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Constriction:  A natural or artificial control section, such as a bridge crossing, channel reach or
dam, with limited flow capacity in which the upstream water surface elevation is related to
discharge.

Critical Shear Stress:  The minimum amount of shear stress required to initiate soil particle
motions.

Cross Section:  A section normal to the channel flow (perpendicular to the velocity).

Degradation:  A general and progressive (long-term) lowering of the channel bed due to
erosion, over a relatively long channel length.

Depth of Scour:  The vertical distance a streambed is lowered by scour below a reference
elevation.

Discharge:  Volume of water passing through a channel during a given time.

Floodplain:  A nearly flat alluvial lowland bordering a stream, that is subject to frequent
inundation by flooding.

General Scour:  General scour is a lowering of the streambed across the stream or waterway at
the bridge. This lowering may be uniform across the bed or non-uniform. That is, the depth of
Scour, may be deeper in some parts of the cross section.  General scour may result from
contraction of the flow or other general scour conditions such as flow around a bend.

Head Cutting: Channel degradation associated with abrupt changes in bed elevation (headcut)
that generally migrates in an upstream direction.

Hydrograph:  The graph of stage or discharge against time.

Hydrology:  The science concerned with the occurrence, distribution, and circulation of water
on the earth.

Live-Bed-Scour:  Scour at a pier or abutment (or contraction scour) when the bed material in the
channel upstream of the bridge is moving at the flow causing bridge scour.

Load (or Sediment Load):  Amount of sediment being moved by a stream.

Local Scour:  Removal of material from around piers, abutments, spurs, and embankments
caused by an acceleration of flow and resulting vortices induced by obstructions to the flow.

Reach:  A segment of stream length that is arbitrarily bounded for the purposes of the study.

Sand:  A rock fragment whose diameter is in the range of 0.062 to 2.0 mm.
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Scour:  Erosion of streambed or bank material due to flowing water; often considered as being
localized.

Sediment Discharge:  The quantity of sediment that is carried past any cross section of a stream
in a unit of time. Discharge may be limited to certain sizes of sediment or to a specific part of the
cross section.

Sediment Load:  The amount of sediment being moved by a stream.

Spill-Through Abutment: A bridge abutment having a fill slope on the streamward side. The
term originally referred to the "spill-through" of fill at an open abutment but is now applied to
any abutment having such a slope.

Spread Footing:  A pier or abutment footing that transfer load directly to the earth.

Suspended Sediment Discharge:  The quantity of sediment passing through a stream cross
section above the bed layer in a unit of time suspended by the turbulence of flow (suspended
load).

Total Scour:  The sum of long-term degradation, general (contraction) scour, and local scour
(pier or abutment).

Tractive Force:  The drag or shear on a streambed or bank caused by passing water which tends
to move soil particles along with the streamflow.
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San Diego Scour Study

Executive Summary

The scope of this study was to review two reports dealing with the Proposed Gregory Canyon
Bridge on the San Luis Rey River and comment on the results.  The Water Authority is
concerned about potential detrimental impact to the conveyance facilities by the proposed project
and is in the process of planning protective measures if needed.  The scope of work includes
reviewing hydrologic model documents relevant to the proposed Gregory Canyon Projects, and
performing sediment transport modeling to compare results with that of Fluvial 12 and the results
presented in the two reports of the impact of the proposed bridge on the San Luis Ray River.

The flows for the hydrologic analysis were taken from previous studies (the two reports by Dr.
Howard Chang, the Hydraulic/Hydrology Report and the Drainage Report).  There were a
number of different data sets used for the HEC-2, HEC-RAS and Fluvial 12 model studies.
However, none of the older data sets (prior to 2011) contained the geometry of the proposed
bridge.  The HEC-RAS files that were used to perform the recent Wetland Study were obtained
and those files contained the bridge hydraulics.  This is the geometry file that was used to
perform the scour evaluation (looking at the impact) of the proposed bridge on the San Luis Rey
River.  This data is the most recent set of cross sections of the site and contains the bridge
geometry.

The Federal Highway Administration, (FHWA), scour methodology as outlined in Hydraulic
Engineering Circular 18 “Evaluating Scour at Bridges” was used to analyze the scour for the
proposed bridge and its impact on the San Diego County Water Authority’s pipelines.  The US
Army Corps of Engineers Hydrologic Engineering Center’s computer model HEC-RAS
Sediment Transport was also used to investigate long term degradation and/or aggradation of the
San Luis River.

The proposed bridge has a span of approximately 681 feet.  The contraction scour for the 100-
year event computed to be between 0.7 and 1.3 feet depending upon the Manning’s resistance
coefficient (low and high value of Manning’s resistance coefficient).  The water surface profiles
for the 100-year flood were computed for the conditions of with and without the proposed bridge
in place and there was no difference in the computed elevations for the two situations.

Long term impact of the stream channel morphology of the San Luis Rey River by the
construction of the proposed bridge is not a relevant issue.  The proposed bridge does not impact
the long term morphology of the river system. The contraction scour as determined by FHWA
procedures has an insignificant impact on the San Luis Rey River System.

After reviewing the pertinent reports listed above and performing sediment computations of the
scour potential for the Proposed Gregory Canyon Bridge, it is my opinion that the proposed
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bridge does not impact the Water Authority’s pipelines (aqueducts).  The present study indicated
that long term scour, channel bed degradation, would occur in the San Luis Rey River at the
proposed bridge and pipelines locations and would be as much as eight foot lowering of the
stream bed channel.  However, long term scour will occur with or without the proposed bridge;
therefore, the magnitude of the long term scour is irrelevant.

Contraction scour occurs when the flow area of a stream at flood stage is reduced, either by a
natural contraction of the stream channel or by a bridge.  From continuity, a decrease in flow
area results in an increase in average velocity and bed shear stress through the contraction.
Hence there is a potential increase in the average velocity and bed shear stress through the
contraction and more bed material is removed from the contracted reach than is transported into
the reach.  Following the FHWA guidelines in the HEC-18 Manual for evaluating scour at
bridges indicated that the contraction scour would be less than two feet.  The width of the bridge
is approximately 681 feet and does not create any significant flow contractions in the floodplain.
The two foot of contraction scour has no impact on the pipelines, therefore the impact the bridge
has on the Water Authority’s pipelines is negligible.

However, the local scour due to the piers and abutments needs to be addressed in the design of
the bridge (i.e. the pier foundations, footings, need to be located below the predicted scour for
the piers and/or rock riprap is needed to protect the piers).  The abutment scour needs to be
addressed with the design of proper riprap.

Introduction

The scope of this study was to review two reports dealing with the Proposed Gregory Canyon
Bridge on the San Luis Rey River and comment on the results.  The primary reports reviewed
were: (1) “Fluvial Study and Bridge Scour Analysis for the Proposed Gregory Canyon Bridge on
the San Luis Rey River”, dated November1999, by Howard H. Chang Consultants for Nolte
Associates, Inc., and (2) “Fluvial Study and Bridge Scour Analysis for the Proposed Gregory
Canyon Bridge on the San Luis Rey River”, dated June 2011, by Howard H. Chang for Gregory
for Gregory Canyon LT.  Other reports were also reviewed and are listed below.

The San Diego Water Authority’s Pipelines 1 and 2 cross the San Luis Rey River in the
proximity of the proposed Gregory Canyon Landfill and Gregory Canyon Bridge projects, here
after referred to as (Gregory Canyon Projects).  The Water Authority is concerned about
potential detrimental impact to the conveyance facilities by the proposed project and is in the
process of planning protective measures if needed.  The scope of work includes reviewing
hydrologic model documents relevant to the proposed Gregory Canyon Projects, and performing
sediment transport modeling to compare results with that of Fluvial 12 and the results presented
in the two reports of the impact of the proposed bridge on the San Luis Ray River.
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A site visit and meeting was conducted in November 2011 in San Diego, CA.  The site visit
included a walk-over of the proposed bridge, photographs were taken of the proposed site and
photographs of soil samples were also taken.

Reviewed Material

The following reports were reviewed as part of the evaluation of determining the impacts of the
Gregory Canyon Bridge Project on the San Luis Rey River.

1. Assessment of Sand and Gravel Mining Impacts on San Luis Rey River Aqueduct
Crossing – Summary Report – Prepared by Nolte and Associates and Dr. Howard
Chang – February 1991.

2. Fluvial Study and Bridge Scour Analysis for the Proposed Gregory Canyon Bridge on
the San Luis Rey River – Prepared for Nolte Associates, Inc – by Dr. Howard Chang
– November 1999.

3. Hydraulic/Hydrology Report for the Gregory Canyon Road Improvement Project-
Final Report prepared by Nolte Associates – November 1999.

4. FLUVIAL 12 Mathematical Model for Erodible Channels – Users Manual – Updated
in January 2006 – by Dr. Howard Chang.

5. Gregory Canyon Landfill Wetland Restoration – prepared for Gregory Canyon
Limited – Matthew Moore of URS – August 2008.

6. Drainage Report – Gregory Canyon Landfill Wetlands Restoration – prepared for
Gregory Canyon Limited – by Matthew Moore of URS – December 2009.

7. Fluvial Study and Bridge Scour Analysis for the Proposed Gregory Canyon Bridge on
the San Luis Rey River – Dr. Howard Chang – June 2011

Hydrology

The flows for the hydrologic analysis were taken from previous studies (the two reports by Dr.
Howard Chang, the Hydraulic/Hydrology Report and the Drainage Report.  The flow for the
100-year event was 30,000 cfs and the flow for the 500-year event was 78,000 cfs.  The other
flows that were utilized in the present study were those Dr. Chang used in estimating the
sediment transport with the computer model Fluvial-12.   He analyzed a 100-year flood
hydrograph event and developed a separate flow series by combining 10-, 30-, 20-, 40-, 15-, 100-
, 20-, 15-, 70-, and a 10-year frequency hydrographs into flood sequence that might be expected
within a 100 years. The flood series was used to analyze the River System for a longer time
series.
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Geometry

There were a number of different data sets used for the HEC-2, HEC-RAS and Fluvial 12 model
studies.  However, none of the older data sets (prior to 2011) contained the geometry of the
proposed bridge.  The HEC-RAS files that were used to perform the recent Wetland Study were
obtained and those files contained the bridge hydraulics.  This is the geometry file that was used
to perform the scour evaluation (looking at the impact) of the proposed bridge on the San Luis
Rey River.  This data is the most recent set of cross sections of the site and contains the bridge
geometry.

Scour Analysis

The Federal Highway Administration, (FHWA), scour methodology as outlined in Hydraulic
Engineering Circular 18 “Evaluating Scour at Bridges” was used to analyze the scour for the
proposed bridge and its impact on the San Diego County Water Authority’s pipelines.  The US
Army Corps of Engineers Hydrologic Engineering Center’s computer model HEC-RAS
Sediment Transport was also used to investigate long term degradation and/or aggradations of
the San Luis River.

The natural flow in the river will cause degradation however, the bridge does not significantly
add to that degradation (contraction scour) as shown in the following paragraphs.  However, if
there is future excavation in the channel such as gravel mining it could create additional
degradation.  It is recommended that any fill material needed for the bridge embankments be
obtained from off site locations and not taken from the stream channel.   Another concern is
when the bridge is being constructed and if crossings are to be used during construction for the
heavy equipment, then the design of the crossings need to be such that they do not cause any
additional contraction to the flow that would cause additional degradation that could undermine
the pipelines.

The 100- and 500-year flood events were used to determine whether clear-water or live bed
scour is occurring just upstream of the bridge and the contraction scour was computed according
to HEC-18 procedures.  An Excel spreadsheet was developed to simplify checking of the data
input and the computations (pages 15-22).  The appropriate hydraulic parameters were
determined using the HEC-RAS steady flow program.  The parameters used in the prediction
equations are further detailed in the supplement to the spreadsheet (pages 23 and 24).

Step 1: Clear-Water or Live-Bed Scour

Determine if Clear-Water or Live-Bed Scour is occurring in the cross section upstream
from the proposed bridge.
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A factor in estimating scour at highway crossings is whether it is clear-water or live bed
scour.  Clear-water scour occurs where there is no transport of bed material upstream of
the crossing or the material being transported from the upstream reach is transported
through the downstream reach at less than the sediment transport capacity of the flow.
Live-bed scour occurs where there is transport of bed material from the upstream reach
into the crossing.

Critical velocity equations with the reference particle size (D) equal to D50 are used to
determine the velocity associated with the initiation of motion.  They are used to
determine whether clear-water or live-bed scour is occurring.  If the mean velocity (V) in
the upstream reach is equal to or less than the critical velocity (VC) of the median
diameter (D50) of the bed material, then contraction and local scour will be clear-water
scour.  If the mean velocity is greater than the critical velocity of the median bed material
size, live bed scour will occur.  One equation to determine critical velocity is given in
Chapter 5 of HEC-18.

It was assumed that the proposed bridge project would result in some stream channel
restoration.  All of the reports that were reviewed utilized a Manning’s resistance
coefficient for the channel between 0.03 and 0.05 which is relatively low for the existing
conditions of the San Luis Rey River at the proposed bridge site (see Figures 1 and 2
below).  Photographs were taken of the site in November 2011.

Figure 1  Thalweg of the San Luis Rey River near the Proposed Bridge
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Therefore, the computations of contraction scour utilized two different sets of Manning’s
n values; (1) a lower n value similar to what has been assumed in previous studies, a
channel n value of 0.035, and (2) a higher n value simulating current conditions a channel
n value of 0.08.

Step 2: Contraction Scour

Determine the contraction scour at the bridge due to the bridge constriction.

The contraction scour was computed using both a channel n value of 0.08 (this is more realistic
of the current channel conditions) and a channel n of 0.035 (the n value of 0.035 is similar to
what was used in previous studies).   This will allow a comparison of the two resistances and
their effect on the computations.  For both cases it was determined that live-bed scour is
occurring at the proposed bridge location.   Live-bed scour occurs where there is transport of bed
material from the upstream reach into the crossing or encroachment.  A modified version of
Laursen’s equation for live-bed scour is recommended by FHWA to predict the depth of scour in
a contracted section.  This relationship is more conservative (larger predicted depths) than
Laursen’s original equation.  The computed contraction scour is presented in Table 1 below.

Figure 2 Thalweg of the San Luis Rey River near the Proposed Bridge
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Table 1 Computed Contraction Scour for Live-bed Conditions

Return Period Contraction Scour
Channel n = 0.035

Contraction Scour
Channel n = 0.08

100-year 0.7 feet 1.3 feet
500-year 1.5 feet 0.8 feet

Results/Conclusions from the Contraction Scour Computations

According to the preliminary plan and the HEC-RAS data files that were utilized for the
Drainage Report – Gregory Canyon Landfill Wetlands Restoration, December 2009, the
proposed bridge has a span of approximately 681 feet depending upon where the opening
is measured, Figure 3.

Figure 3 Schematic of Proposed Bridge

FHWA typically recommends that contraction scour be computed using the 100-year
flood event and checking the results with the 500-year flood event.  The contraction scour
for the 100-year event is between 0.7 and 1.3 feet depending on the channel Manning’s n
values which indicates that the bridge is not acting as a contriction.  The 500-year event
is giving similar results with the contration scour varying between 1.5 and 0.8 feet.  The
higher channel n value is resulting in a lower value of contraction scour due to the
overbank flow for that the 500-year discharge and Manning’s n values (i.e. there is less
contraction when the flow is out-of-bank).
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The water surface profiles for the 100-year flood event are shown in Figure 4 for the
conditions of with and without the proposed bridge in place.  As evidenced by the Figure
there is no difference in the computed water surface elevations for the two situations.
The Proposed Bridge essentially has no impact on the Authority’s pipelines.

Figure 4 Water Surface Profile for the 100-Year Flood Event with and without the
Proposed Bridge

Step 3: Local Scour Due to Flow Obstruction of the Piers

Determine the pier scour due to the flow conditions of the proposed bridge.

There are six piers located within the 681 ft span of the proposed bridge.  The Colorado
State University Scour (CSU) equation for live-bed scour is recommended by the FHWA.
The computations were performed using the lower channel Manning’s n values to be
more conservative in the estimate of the pier scour (i.e. resulting in a larger, more
conservative depth of scour).  The proposed piers are 5.5 feet in diameter and the HEC-
RAS model was used to determine the flow distribution just upstream of the piers.  The
largest velocity and depth were used to estimate the scour conditions.  Table 2 and Figure
5 show the result of the flow distribution for the 100-year event just upstream of the
bridge.
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Table 2 Flow Distribution Just Upstream of the Proposed Bridge at Cross Section 4722.8

Figure 4 shows the maximum velocity and depth occurring closer to the right abutment.
The velocities range from a low of 3.34 fps to a high of 9.66 fps in the channel.  The
higher velocity and larger depth were used for the pier scour computation.  The local pier
scour for the 100-year event was estimated to be 11.3 ft and for the 500-year event 13.8
ft.

Dr. Chang computed the local pier scour for several pier diameters and interpolation of
his results for a 5.5 ft diameter pier would result in 10.3 ft of scour for the 100-year
event.  This is comparable to what was computed in the present study.  Normally the 100-
year event is the flow used to protect the bridge from pier scour.  Besides the local scour
the piers need to be protected from general scour (long term degradation).  This can be
done by locating the piles or spread footings below the maximum expected depth of
scour.  The bridge however, can be protected from pier scour by placing rock riprap
around the piers.
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Figure 5 Velocity Distribution Just Upstream of the Proposed Bridge -100-year Flow

Results of Contraction and Pier Scour

The impact of the proposed bridge due to contraction scour is minimal.  The pier scour
computations are comparable to those found by Dr. Chang (11.3 ft compared to 10.3 ft).,
however, the footings for the piers need to be below the minimum depth of scour.

General Scour or Long Term Aggradation and Degradation

Long term impact of the stream channel morphology of the San Luis Rey River by the
construction of the proposed bridge is not a relevant issue.  The proposed bridge does not
impact the long term morphology of the river system. The contraction scour as
determined by FHWA procedures has an insignificant impact on the San Luis Rey River
System.  However, there would be local impacts to the bridge due to pier scour and
abutment scour.  The pier scour can be addressed by either locating the footings below
scour level and/or protecting with rock riprap.  The abutment scour needs to be addressed
and scour countermeasures such as the placement of rock riprap is necessary to protect
the bridge.

The HEC-RAS steady state and quasi unsteady sediment transport model were utilized
for the hydraulic computations.  Initially the intent was to use the MIKE 11 sediment
transport computer program to compute the long term aggradation and/or degradation but
the RAS model was used for the steady flow computations and due to some software
issues and time constraints the HEC-RAS model was also adopted for the sediment
computations.
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The hydrology for the sediment transport is the same as used by Dr. Chang.  The 100-
year hydrograph and the flow series hydrograph were utilized for this study and inputted
into the HEC-RAS model as a quasi-unsteady flow, see Figures 6 and 7.

Figure 6 100-Year Flow Hydrograph Represented as a Quasi Unsteady Flow In HEC-RAS
Sediment Transport
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Figure 7 Flow Series Hydrograph Represented as a Quasi Unsteady Flow In HEC-RAS Sediment
Transport

The cross sectional data utilized in the Drainage Report – Gregory Canyon Landfill Wetlands
Restoration was used in the present study.  Since the geometry data is the most recent geometric
model for the San Luis Rey River it was decided to use this data to investigate the sediment
erosion and deposition.  The HEC-RAS model allows the seven different choices for sediment
transport equations.  Yang’s method was selected for this study since it was developed for sand
bed channels and the procedure is reasonably robust.

Running the sediment model for the two flow conditions resulted in the following channel
geometry change for cross section just above the bridge and for the cross section near the
aqueduct located approximately 500 feet upstream from the bridge.  Figures 8 through 11 show
the results of modeling with the 100-year flood hydrograph and the flow series.  The results are
showing that the 100-year flow is showing less degradation at the two cross sections as
compared with the flow series. The amount of degradation is comparable within the limits of
sediment modeling of the results that Dr. Chang concluded.

Table 3 Changes in Approximate Bed Elevations at Cross Sections 4900 (Bridge) and 5200
(Aqueduct)

Flow Type Cross Section 4900 Cross Section 5200
100-Year Flow Degradation  5 feet Degradation  2 to 3 feet
Flow Series Degradation  8 feet Degradation  10 feet
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Figure 8 100-Year Flow at Cross Section Just Upstream of Bridge – Cross Section 4900

Figure 9 100-Year Flow near Aqueduct Crossing - Cross Section 5200
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Figure 10 Flow Series at Cross Section Just Upstream of the Bridge – Cross Section 4900

Figure 11 Flow Series near Aqueduct Crossing – Cross Section 5200
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Predicted impact of the Proposed Gregory Canyon Bridge on the San Diego County Water
Authority’s Pipelines

After reviewing the pertinent reports listed above and performing sediment computations of the
scour potential for the Proposed Gregory Canyon Bridge, it is my opinion that the proposed
bridge does not impact the Water Authority’s pipelines (aqueducts).  The present study indicated
that long term scour, channel bed degradation, would occur in the San Luis Rey River at the
proposed bridge and pipelines locations and would be as much as eight foot lowering of the
stream bed channel.  However, long term scour will occur with or without the proposed bridge;
therefore, the magnitude of the long term scour is irrelevant.

Contraction scour occurs when the flow area of a stream at flood stage is reduced, either by a
natural contraction of the stream channel or by a bridge.  From continuity, a decrease in flow
area results in an increase in average velocity and bed shear stress through the contraction.
Hence there is a potential increase in the average velocity and bed shear stress through the
contraction and more bed material is removed from the contracted reach than is transported into
the reach.  Following the FHWA guidelines in the HEC-18 Manual for evaluating scour at
bridges indicated that the contraction scour would be less than two feet.  The width of the bridge
is approximately 681 feet and does not create any significant flow contractions in the floodplain.
The two foot of contraction scour has no impact on the pipelines, therefore the impact the bridge
has on the Water Authority’s pipelines is negligible.

However, the local scour due to the piers and abutments needs to be addressed in the design of
the bridge (i.e. the pier foundations, footings, need to be located below the predicted scour for
the piers and/or rock riprap is needed to protect the piers.  The abutment scour needs to be
addressed with the design of proper riprap.

Recommendation

To be proactive I would recommend placing witness stakes (rebar) across a few, maybe three
typical cross sections, located near the pipelines.  The stakes would be driven into the channel
with a few inches above ground.  Survey the locations and elevations of the stakes and the
ground by the stake and they can be set at any arbitrary datum.  Periodically after storm events
the cross sections can be checked to see if there is any degradation taking place.  If there is
significant scour then countermeasures could be designed for the pipeline protection.  Chapter 12
of the WES Stream Investigation and Streambank Stabilization Handbook, Biedenharn et al.,
1997 is attached as Appendix A; the URL for this publication is the following:
(http://chl.erdc.usace.army.mil/Media/2/8/7/StreambankManual.pdf). Typical countermeasures
for grade (bed) stabilization are described in Chapter 12.    Also, another reference for stream
instability countermeasures is the US Department of transportation Federal Highway
Administrations publication Bridge Scour And Stream Instability Countermeasures: experience,
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selection, and design guidance, second edition, Hydraulic Engineering Circular No. 23, March
2009 (http://www.fhwa.dot.gov/engineering/hydraulics/pubs/09111/index.cfm).

Figure 12 Witness Stakes for Monitoring Stream Degradation

Witness Stakes (rebar)
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HEC-18 Scour Computations
By

Date
Project

Lower n Values,  n in channel = 0.035
Checked By

Date
Determination of Contraction Scour Type

Structure type: 7-span bridge (6 piers)
with integral abutments
on piles

Critical Velocity Determination

Determine if Clear Water or Live-bed Scour using the Critical Velocity Equation

Ref. HEC-18, page 5.2, Equation 5.1

If Vc is less than V upstream of the contraction    Live-Bed Scour

If Vc is greater than V upstream of the contraction    Clear-Water Scour

D50

Size (mm) 0.42 mm

Determination Dr. Chang's Scour Report
Description Sand

Flood Ku y D50 Vc V Scour
Event (ft) (ft) (ft/s) (ft/s) Type
100-Yr 11.17 6.53 0.001 1.7 9.06 Live
500-Yr 11.17 11.80 0.001 1.9 9.96 Live

NOTES: Ku = coefficient: 6.19 (SI Units) or 11.17 (English Units)
y and V from uncontracted cross section # 4900

XS # 4900

XS # 4722.81
XS # 4704.71 BU

3
1

50
6

1
DyKV uc
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Live-Bed Scour Calculations

Ref. HEC-18, page 5.10, Equations 5.2 and 5.3

Flood y1 yo W1 W2 Q1 Q2 y2

calc
ys*

Event (ft) (ft) (ft) (ft) (cfs) (cfs) (ft) (ft)
100-Yr 6.5 5.1 488.28 609.0 28,892 30,000 5.79 0.7
500-Yr 10.0 9.2 496.13 644.4 58,278 78,000 10.68 1.5

  *If calculated ys returns a negative answer, the scour depth equals zero.

S1 V* (ft/s) w (ft/s) V*/w k1

100-Yr 0.00378 0.89 0.06 14.86 0.69
500-Yr 0.00208 0.82 0.06 13.61 0.69

NOTE: yo = existing depth in the contracted section before scour
y2 = average depth in the contracted section after scour
y1 = average depth in upstream main channel
Q2 = flow in contracted channel
Q1 = flow in the upstream channel transporting sediment
W1 = top or bottom width of upstream main channel that is transporting bed material
W2 = top or bottom width of main channel in the contracted section less pier width(s)
V* = shear velocity in the upstream section
w = fall velocity of bed material based on the D50 (from Figure 5.8 in HEC-18)
S1 = slope of energy grade line of main channel

V*/w k1 Mode of Bed Material Transport
< 0.50 0.59 Mostly contact bed material discharge

0.50-2.0 0.64 Some suspended bed material discharge

> 2.0 0.69 Mostly suspended bed material discharge

os yyy 2

1

2

1
76

1

2

1

2
k/

W
W

Q
Q

y
y

21
11

/)Syg(*V
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HEC-18 Scour Computations
By

Date
Project

High n Values,  n in channel = 0.08
Checked By

Date
Determination of Contraction Scour Type

Structure type: 7-span bridge (6 piers)
with integral abutments
on piles

Critical Velocity Determination

Determine if Clear Water or Live-bed Scour using the Critical Velocity Equation

Ref. HEC-18, page 5.2, Equation 5.1

If Vc is less than V upstream of the contraction    Live-Bed Scour

If Vc is greater than V upstream of the contraction    Clear-Water Scour

D50

Size (mm) 0.42 mm

Determination Dr. Chang's Scour Report
Description Sand

Flood Ku y D50 Vc V Scour
Event (ft) (ft) (ft/s) (ft/s) Type
100-Yr 11.17 9.65 0.001 1.8 5.13 Live
500-Yr 11.17 15.13 0.001 2.0 6.29 Live

NOTES: Ku = coefficient: 6.19 (SI Units) or 11.17 (English Units)
y and V from uncontracted cross section # 4900

XS # 4900

XS # 4722.81
XS # 4704.71 BU

3
1

50
6

1
DyKV uc
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Live-Bed Scour Calculations

Ref. HEC-18, page 5.10, Equations 5.2 and 5.3

Flood y1 yo W1 W2 Q1 Q2 y2

calc
ys*

Event (ft) (ft) (ft) (ft) (cfs) (cfs) (ft) (ft)
100-Yr 9.7 8.3 496.13 639.5 24,570 30,000 9.61 1.3
500-Yr 15.5 12.4 496.13 657.0 47,185 48,792 13.17 0.8

  *If calculated ys returns a negative answer, the scour depth equals zero.

S1 V* (ft/s) w (ft/s) V*/w k1

100-Yr 0.00377 1.08 0.06 18.04 0.69
500-Yr 0.00311 1.25 0.06 20.78 0.69

NOTE: yo = existing depth in the contracted section before scour
y2 = average depth in the contracted section after scour
y1 = average depth in upstream main channel
Q2 = flow in contracted channel
Q1 = flow in the upstream channel transporting sediment
W1 = top or bottom width of upstream main channel that is transporting bed material
W2 = top or bottom width of main channel in the contracted section less pier width(s)
V* = shear velocity in the upstream section
w = fall velocity of bed material based on the D50 (from Figure 5.8 in HEC-18)
S1 = slope of energy grade line of main channel

V*/w k1 Mode of Bed Material Transport
< 0.50 0.59 Mostly contact bed material discharge

0.50-2.0 0.64 Some suspended bed material discharge
> 2.0 0.69 Mostly suspended bed material discharge

os yyy 2

1

2

1
76

1

2

1

2
k/

W
W

Q
Q

y
y

21
11
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HEC-18 Scour Computations
By

Date
Project

Taking the maximum velocity in the flow distribution table Checked
By

upstream of the
bridge Date

Local Pier Scour (100-Year)
CSU Pier Scour Equation for live-bed and clear-water pier scour
Ref. HEC-18, page 6.4, Equation 6.3

     ys = 2.0 K1 K2 K3 K4 a0.65 y1
0.35 Fr1

0.43

ys = scour depth K1 = factor for pier nose shape
y1 = flow depth directly upstream of the
pier K2 = factor for angle of attack

  a = pier width K3 = factor for bed condition

  Fr1 = Froude number directly upstream of pier K4 = factor for armoring

K1 = 1.0 round nose piers V1 = 9.66 ft/s (max values)

K2 = 1.0 0 degree angle y1 = 9.22 ft
(flow
distribution)

K3 = 1.1 clear-water scour Fr1 = 0.56 at XS # 4722.81

K4 = 1.00
armoring factor*

a = 5.5 ft
D50 = 0.001 ft
D95 = 0.006 ft
Ku = 11.17 English units

ys = 11.3 ft (note: based on the 100-year Q)

1

1

gy
V

Fr
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Local Pier Scour (500-Year)
CSU Pier Scour Equation for live-bed and clear-water pier scour
Ref. HEC-18, page 6.4, Equation 6.3

     ys = 2.0 K1 K2 K3 K4 a0.65 y1
0.35 Fr1

0.43

ys = scour depth K1 = factor for pier nose
shape

y1 = flow depth directly upstream of the
pier

K2 = factor for angle of
attack

a = pier width
K3 = factor for bed
condition

Fr1 = Froude number directly upstream of
pier K4 = factor for armoring

K1
= 1.0 round nose pier V1 = 13.51 ft/s

(max.
values)

K2
= 1.0 0 degree angle y1 = 13.68 ft

(flow
distribution)

K3
= 1.1 liver bed scour Fr1 = 0.64 at XS # 4722.81

K4
= 1.00 no armoring

factor*
a = 5.5 ft
D50

= 0.001 ft
D95

= 0.006 ft
Ku
= 11.17 English units

ys
= 13.8 ft (note: based on the 500-year Q)

1

1

gy
V

Fr



26

Scour Computations
HEC-18 Scour Computations

Supplemental to Excel Spread Sheets

I. Contraction Scour

A. Critical Velocity Determination:

The HEC-RAS computer model was used to determine parameter input.

=  ( )                                equa. 1

Where

Ku is a coefficient and equal to 11.17 in English units.
y is the average depth (hydraulic depth) of flow in the channel upstream of the bridge at
cross section 4900
V is the average velocity in the main channel at cross section 4900
D50 is particle size in feet in a mixture of which 50% are less than.  This data was taken
from Dr. Howard Chang’s scour study report (FLUVIAL 12 input data).

B. Live-Bed Scour Computations:

The HEC-RAS computer model was used to determine parameter input.

=       equa. 2

=                        equa. 3

Where:

y0 is the existing depth in the contracted section before scour takes place, which is the
hydraulic depth at cross section 4704.71 BRU
y2 is the average depth in the contracted section after scour as computed from equation 2
y1 is the average depth in the upstream main channel, which is the hydraulic depth at
cross section 4900
Q2 is the flow in the contracted channel taken at cross section 4704.71 BRU
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Q1 is the flow in the upstream channel transporting sediment, which is the main channel
flow at cross section 4900
W1 is the top width of the upstream main channel that is transporting bed material, which
the top width of the main channel at cross section 4900
W2 is the top width of the main channel in the contracted section less the widths, which is
the top width, reported for cross section 4704.71 BRU as long as the flow is passing
below the low  chord.
V* is the shear velocity in the upstream section, section 4900

 is the fall velocity of the material based on the D50 (this comes from Figure 5.8 of the
HEC-18 manual.
Sf is the friction slope of the energy grade line at section 4900, which is obtained from
Profile Output Table - Standard Table 1 for the particle flow of interest.

The values for the 500 year event were determined with the flow upstream of the bridge
being out-of-bank and the bridge acting as a perched bridge with flow in both the left and
right overbanks.  This was the HEC-RAS run without the ineffective areas upstream and
downstream of the bridge (River Stations 4686.61 and 4722.81 – plan 06)

II. Pier Scour

Pier scour is computed using the Colorado State University (CSU) equation (ref. HEC-
18, page 6.4 equation 6.3)

= 2.0         . 4

Where:
y1 and V1  are the largest depth and velocities taken from the flow distribution table in this
case subdividing the main channel into 10 subdivisions
K1 is a factor for the shape of the pier nose (assumed rounded for the present study) the
factor is 1.0.
K2 is a factor for the angle of attack of the flow (The Bridge is not skewed to the flow i.e.,
less than 20 degree angle the factor is 1.0)
K3 is a factor for bed condition (assumed small bed forms no major dunes) the factor is 1.1.
K4 is a factor if the bed can armor (for no armoring the factor is 1.0)
a is the width of pier in feet
D50 and D95 are particle sizes in feet in a mixture of which 50% 95% are less than
Ku was defined previously
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Riprap Sizing to Protect from Pier Scour

However, the local scour due to the piers and abutments needs to be addressed in the
design of the bridge (i.e. the pier foundations, footings, need to be located below the
predicted scour for the piers and/or rock riprap is needed to protect the piers.  The
abutment scour needs to be addressed with the design of proper riprap.

The FHWA criteria for sizing riprap for pier scour are typically based upon the velocities
at the substructure, equation 1 below.

=
0.692

1
            1

Where:
D50  is the particle size in feet for which 50% is finer by weight
V is the design velocity for local conditions at the pier
S is the specific gravity of riprap (2.65)
g is the acceleration due to gravity (32.2 ft/sec2)

The velocity used in Equation 1 is to be representative of conditions in the immediate
vicinity of the bridge pier including the constriction caused by the bridge.  To determine
the velocity and depth at the piers a flow distribution for the cross section immediately
upstream of the bridge was performed to determine the maximum velocity and depth that
might occur.  Table 2 gives the flow distribution just upstream of the bridge and the piers.
This velocity was taken as 9.66 fps.  Solving for the D50 shows that the maximum
material should be approximately 0.65 feet or about 8 inches.  An appropriate size for
creating a slightly over-designed riprap installation would be D50 = 12 inches.  FHWA in
their publication “Bridge Scour and Stream Instability Countermeasures: Experience,
Selection, and Design Guidance-Third Edition – Design Guideline Chapter 11 Rock
Riprap at Piers (Hydraulic Engineering Circular 23, 2009), give further guidance on the
placement of the riprap and the importance of the filter component of the riprap
installation.
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Abutment Scour

The preferred design approach is to place the abutment foundation on scour resistant rock
or on deep foundations. “Available technology has not been developed sufficiently to
provide reliable abutment scour estimates for all hydraulic flow conditions that might be
reasonably expected to occur at an abutment,” (FHWA, HEC 23 Manual).   For fluvial
systems such as the San Luis Rey River FHWA recommend the following equation to
determine for size of the riprap to protect against abutment scour.

                2

where:
D50 is the particle size in feet for which is 50% finer by weight
y is the average depth of flow in the contracted bridge opening (5.81 ft)
V is the average velocity in the contracted bridge opening (7.79 fps)
1.02 is the coefficient for a vertical wall abutment, the proposed bridge has a
nearly vertical wall abutment
The other terms are the same as given in equation 1.

For the proposed bridge the D50 is approximately 1.165 feet or about 15 inches.  The rock
riprap thickness should be not less than 1.5 times the D50 and an underlying filter material
should be considered.
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October 12, 2012 
 
 
Mr. Bill Miller 
Army Corps of Engineers 
Arizona Branch, Regulatory Division 
3636 N. Central Ave., Suite 900 
Phoenix, AZ  85012 
 

RE: Technical review of hydrology studies for the proposed Gregory Canyon Landfill in 
northern San Diego County 
 
Dear Mr. Miller: 

You have asked that Balance Hydrologics, Inc. (‘Balance’) provide a third-party review of several 
hydrology studies for the proposed Gregory Canyon Landfill in the San Luis Rey River watershed near 
Pala, California.  The hydrologic studies are part of a larger body of information provided by the 
applicant to support the preparation of an Environmental Impact Statement, which is being prepared by 
PCR Services Corporation (‘PCR’). 

Balance was asked to review several hydrology-related documents, specifically as they related to potential 
flooding, scour, and hydromodification-related impacts of the project, as listed below1: 

Chang, H. H., 2011, Fluvial study and bridge scour analysis for the proposed Gregory Canyon bridge 
on the San Luis Rey River.  Consulting report prepared for Gregory Canyon LTD, 58 p. 

Dentino, R.D., 2011a, Water surface analysis study for Gregory Canyon.  Consulting report prepared 
by Excel Engineering for CCI, dated March 30, 2011, 9p. + tables, figures, appendices. 

Magdych, B., 2010, Updated evaluation of hydrogeomorphology and beneficial uses at Gregory 
Canyon.  Consulting report prepared by Bill Magdych Associates for Gregory Canyon Landfill 
Ltd., multi-paged. 

Magdych, B., 2011, Characterization of surface water flow in the San Luis Rey River near Gregory 
Canyon.  Consulting report prepared by Bill Magdych Associates for Gregory Canyon Landfill 
Ltd., 57p.2 

                                                   
1 The reports listed here were the ones provided for our initial review.  Additional reports were produced in response 
to preliminary review comments, as discussed in the text below, including Dentino, 2011b; Moore, 2012a; and 
Moore, 2012b.  Full citations for all reports are provided at the end of this document. 
2 This report contains a summary and interpretation of aerial photographs, stream gage records, and field 
observations.  While the report provides helpful background information, the discussion is not critical to assessing 
project hydrologic impacts at the level of the EIS, thus we have not provided a review of that report in our summary. 
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URS, 2010, Stormwater management plan for Gregory Canyon Landfill.  Consulting report prepared 
for Gregory Canyon Landfill, Ltd., multi-paged. 

While these documents served as the primary focus of our review, Balance also read through other project 
documentation that provides background for this review, and context within the overall scope of the 
project documentation.  In addition, we included in our review several documents that were prepared by 
the applicant in direct response to comments or questions that we had as we went through the review 
process.  (These are discussed in the text below, and citations are included in the references at the end of 
this document.) 

As part of our review, Balance conducted a one-day field visit to the project site, in October 20113.  The 
short field canvass was directed at observing on-the-ground conditions for comparison to the assumptions 
and results of the various hydrologic studies in order to assess the resiliency and appropriateness of the 
model results. 

It is important to note that our review did not provide detailed confirmation of all hydrologic and 
modeling calculations.  Rather, the assessment was intended to evaluate the appropriateness of the 
modeling platform, the input parameters and assumptions used, the reasonableness of the results relative 
to observed conditions in the field, as well as other site observations and hydrologic analyses contained in 
other project and regional documentation. 

Balance Hydrologics is a full-service hydrologic consulting firm based in Berkeley, California, with 
projects throughout California, and parts of Oregon and Alaska.  Balance led several studies as part of the 
development of the Hydromodification Management Plans (HMPs) for Santa Clara and Alameda 
Counties, the first to incorporate the hydromodification provision as part of the NPDES permit renewal 
process with the Regional Water Quality Control Board.  Balance also developed the HMP for the 
Fairfield-Suisun Sewer district in Solano County.  Balance has designed numerous stormwater control 
measures for projects specifically designed to meet the requirements of these and other Bay Area HMPs.  
In Southern California, Balance has conducted several studies specifically dealing with hydromodification 
issues, most notably for the Newhall Ranch project in Ventura County, and the Rancho Mission Viejo 
project in southern Orange County, both of which were large-scale residential development projects.  See 
attached Statement of Qualifications for additional experience, including other projects in Southern 
California, as well as several large-scale, customized hydrologic modeling efforts. 

Multiple Balance staff members contributed to these reviews, including:   

 Scott Brown, PG (Geomorphologist/Hydrologist) 

 Barry Hecht, CEG, CHg (Senior Principal) 

 Edward Ballman, PE (Principal Engineer) 

 Sarah Richmond (Geomorphologist/Hydrologist) 

 Annette Cayot, CPSWQ (Engineer/Hydrologist) 

                                                   
3 Representatives of the project proponent were present during the initial portion of this field canvass, to facilitate a 
tour of the project site.  Balance conducted the remainder of the visit independently. 
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 Eric Reidner, PE (Civil Engineer/Hydrologist) 

The following sections summarize the findings of our review, discuss the actions taken to address some of 
our concerns, and suggest mitigation measures where appropriate to address remaining concerns. 

 

1.0 Bridge scour 

Chang (2011) conducted a study intended to assess potential changes in scour conditions as a result of the 
access road bridge to the proposed Gregory Canyon Landfill, as well as the proposed floodplain 
‘mitigation area’ just downstream of the bridge site.  Scour conditions were assessed at two different 
locations: 

 At the proposed bridge site 

 At the buried First San Diego Aqueduct (FSDA) that crosses the San Luis Rey River 
approximately 600 feet upstream of the proposed bridge crossing 

The proposed bridge abutments, portions of the approaches, and bridge piers are located within the 100-
year flood zone, and therefore result in reduced conveyance area, potentially resulting in increased 
floodwater velocities and corresponding scour at the location of the bridge.  If significant, this induced 
scour could result in lower streambed elevations upstream of the bridge, potentially increasing the risk of 
scour reaching the depth of the FSDA. 

At and just downstream of the bridge, on the northern (right-bank4) side of the SLRR, a habitat restoration 
area is proposed that would lower the elevation of the existing ground surface, increasing the conveyance 
area available to stormflows within the SLRR.  This would at least partially offset the effective 
constriction of the bridge crossing.  Ultimately, it is the interplay of the bridge constriction and the 
restoration area that determines the magnitude of the change in scour at the bridge crossing. 

Chang tested two flow conditions using the Fluvial-12 model.  The first considered solely the 100-year 
hydrograph as modeled by the County.  The second considered the 100-year hydrograph, plus other 
smaller events which would be expected over a 100-year period.  Both flow conditions were modeled by 
Corps methods without episodic or watershed-disturbance effects (such as wildfire or landslides), 
increasingly considered an unrealistic assumption in southern California streams; as such, the flow 
conditions do not consider the potential for additional loadings of the channel with sediment or with 
wood.5   

Two primary summary points from the Scour Analysis are as follows: 

                                                   
4 ‘Right-bank’ indicates the bank on the right hand side of the stream when facing downstream, and is a standard 
geomorphic and hydrologic convention. 
5 Without these likely loadings, the modeling may over-predict erosion and under-predict deposition. 
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1. Maximum general scour at the bridge could be as high as 6 feet below the existing stream bed 
surface, while local (bridge pier) scour could be an additional 8 feet (depending on the width of 
the pier). 

2. The FSDA pipeline may be subject to exposure as a result of scour under both the existing and 
post-project conditions using the 100-year flood series. 

Scour comments 

Balance has reviewed the Chang (2011) report (‘Scour Study’), and concur that the model and methods 
used in the analysis included appropriately conservative estimates of scour at the location of the proposed 
bridge and existing aqueduct crossings.  The model has been applied throughout southern California and 
is stated by the author to have been calibrated and tested for use in the San Luis Rey River6.  The Scour 
Study analyzes a combination of scenarios, which provides an assessment of the sensitivity of the model 
and resulting scour to each of the factors and gives a broader picture of potential impacts than if just a 
single model run was used, and appropriately uses the most conservative estimate of scour (greatest 
scour) for making bridge design and aqueduct crossing recommendations. 

The model inputs, including bed-sediment size and hydrograph magnitude and patterns is appropriately 
conservative, and generally matches conditions that we observed in the field.  Maximum modeled flow 
velocity at the bridge cross section was reported at 8.11 feet per second (pg. 34), which is within the range 
of reasonable velocities for this section of the SLRR under non-vegetated conditions.    

The 10- and 100-year hydrographs were taken from a 1974 hydrology study by the County of San Diego.  
While the flows from the 1974 study are somewhat similar to those used other studies, it is unclear why 
the Scour Study uses these values instead of the more recent values used in the Gregory Canyon surface 
water analysis (Excel, 2011).  Use of the same values as in the Excel study, would provide consistency 
between project hydrologic reports.  This does not indicate an error in the modeling, as results would 
likely be similar, and would not likely affect potential impacts for the EIS to any significant degree.  It 
does highlight a potential discrepancy between project documentation, however. 

During our one-day field visit to the site, we observed bed conditions at two existing bridge crossings 
downstream of the project: 

 The Couser Canyon Bridge (completed in 1994) showed signs of local net scour up to about 
three feet deep, but there was no evidence that the channel as a whole had significantly downcut 
since the bridge was built. 

 The Shearer Crossing Bridge (completed in 1998) showed signs of local scour up to about 1 
foot deep, but there was no evidence of general channel downcutting since construction.  
Recently-deposited sand was present across much, if not all, of the channel. 

Both of the downstream bridge crossings 1) are smaller spans, and thus likely provide greater channel 
constriction than the proposed Gregory Canyon access bridge; and 2) do not show signs of significant 

                                                   
6 Balance has not reviewed these calibration studies. 
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scour during recent, moderate storm events (either as a result of WY2011 peak flows or cumulatively as a 
result of high flows in WYs 2005, 2010, and 2011), suggests that the Scour Study’s estimates of 
maximum scour are likely appropriately conservative.  Granted, the recent storm events are not on par 
with what might be expected during a 50- or 100-year event, but do indicate that modeled cumulative 
scour over the ‘flood series’ (which includes events less than a 50-year event) is likely overestimating 
scour. 

The Scour Study makes no mention of the in-channel vegetation characteristics of the San Luis Rey 
River, and we therefore assume that no attempt was made to incorporate vegetative effects on scour 
within the model.  While it is true that this assumed modeled condition is not reflective of actual existing 
channel conditions7, for the purposes of the Scour Study this is an appropriately conservative assumption 
that will result in conservatively high (deep) estimates of scour.     

One prominent role of in-channel vegetation that should be considered, however, is the potential for 
vegetative debris to collect on bridge piers, effectively reducing the conveyance area under the bridge 
during large storms.  With so much large wood growing in the channel upstream of the bridge, the 
potential for increased scour due to conveyance loss at the bridge is high8.  We suggest that this effect be 
incorporated into final designs for the proposed bridge when choosing pier width for local scour from 
Table 3 in the Scour Report.  The scour analysis for the newly constructed Valley Center bridge crossing 
of the SLRR (approximately 13 miles upstream of the project site), for example, assumed pier width was 
two feet greater than actual width to account for the potential presence of debris when estimating local 
scour9.  In addition, we suggest that a debris removal protocol be established to minimize the potential for 
cumulative effects of ‘wracked’ debris during subsequent storm events. 

Scour summary and recommendations 

The main issues relevant to the EIS are summarized below. 

1. In general, the model appears to provide an appropriately conservative (i.e. high) estimate of 
scour, using the maximum predicted scour, no vegetation, analyzing both the 100-year event and 
selected large events within the 100-year flood series, no deposition by storms during smaller 
magnitude events, no sediment-pulse inputs from response to wildfire, urbanization of tributary 
watersheds or other watershed disturbance. 

2. Pier widths should be assumed to be two feet wider than actual to account for potential debris 
build-up, when selecting anticipated local scour depths in the final design of the bridge (Table 3 
in the Scour Report). 

3. A debris monitoring and removal protocol should be developed to minimize the potential 
cumulative effects of ‘wracked’ debris at the bridge piers.  Some debris accumulation may be 
acceptable, but large debris jams should be removed or otherwise broken up, as feasible.  

                                                   
7 See also discussion in Balance’s review of Magdych, 2010. 
8 Loss of conveyance area would likely result in higher-than-predicted velocities under the bridge, with 
corresponding higher-than-predicted scour. 
9 Pier widths should be two feet wider than actual widths when using Table 3 in the Scour Report.  For example, if 
the actual pier width is 2 feet, local scour would be based on a width of 4 feet to account for potential debris buildup.   
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4. While the amount of scour highlighted by the model is appropriate for the analysis, it is probably 
not likely to occur at that magnitude, given the conservative assumptions (in order to produce 
maximum scour depths); and the lack of consideration of vegetation (which will likely increase 
the variability of scour, but generally will buffer the scour effects—especially during higher-
frequency events).  In other words, the scour study is an appropriately conservative analysis for 
the purposes of bridge design and potential impacts to the FDSA, but results should not be 
interpreted as the expected, real-world post-project conditions. 

 

2.0 San Luis Rey River water surface analysis 

Dentino (2011a) modeled flows in the San Luis Rey River to establish existing condition water surface 
elevations for the various storm events for use in planning and evaluation.  Though not included in this 
study, the modeling will presumably be used to assess how flood levels might be impacted by the 
construction of the proposed entrance road bridge across the San Luis Rey River.  Modeling for the 
analysis was prepared assuming steady-state flow conditions for the 10 percent chance (10-year), 2 
percent chance (50-year), 1 percent chance (100-year), and 0.2 percent chance (500-year) events. 

Water surface analysis discussion 

The Water Surface Analysis Study (WSAS) did not contain sufficient information to sufficiently assess 
the appropriateness of model inputs, parameters, and assumption.  However we were subsequently 
provided with the actual modeling files, which allowed us to proceed with our review. 

The model, boundary conditions, and other coefficients (with one exception, see below) appeared 
reasonable for the intended use, and the model outputs generally match the flooding extents shown on 
existing FEMA maps.  The WSAS refers to a vertical datum “above mean sea level”, this most likely 
refers to the National Geodetic Vertical Datum of 1929 (NGVD29), which is the datum used in the 
currently effective FIS (2006).  This should be clarified for future reference.  Additionally, the datum (and 
date) of the “new” topographic map should be verified and stated. 

Following a preliminary review, we were concerned that the channel roughness values chosen for the 
modeling were too low, given the heavy vegetation present within the stream channel under existing 
conditions.  We discussed this concern with Excel Engineering, and they prepared a sensitivity analysis 
using higher roughness values to account for flows that occur when thicker vegetation is present within 
the stream (and in the adjacent floodplain).  The resulting study (Dentino, 2011b), showed that water 
levels would be, on average, about 0.46 to 0.65 feet higher with heavier vegetation (depending on the 
vegetation scenario used).  Flooding extends slightly further onto the floodplain under the alternate 
(thicker vegetation) scenarios, but of similar magnitude to the original analysis.  
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Water surface analysis recommendations 

The main issues relevant to the EIS are summarized below: 

1. We suggest that the more conservative flood elevations (as summarized in Dentino, 2011b) be 
used in the EIS analysis, to account for the potential for greater flooding extents due to the 
presence of vegetation within the channel. 

2. The flood and channel elevation datum from this study should be clarified and clearly noted when 
referenced in the EIS.  This will help reduce confusion about different datasets that may have 
used a different elevation datum. 

3. The water surface analysis did not address the potential impact to flooding of the proposed bridge 
crossing.  It is our understanding that this analysis has been conducted using a prior bridge 
design, and that the analysis will be updated once the final design of the bridge has been 
authorized.  We have not reviewed either of these analyses. 

 

3.0 Stormwater management and hydromodification 
 

Stormwater management and hydromodification controls are addressed in the project Stormwater 
Management Plan (URS, 2010) and the Hydrogeormophology Report (Magdych, 2010). 

Hydrogeomorphology report discussion 

The Hydrogeomorphology report proposes to control hydromodification through infiltration of the excess 
stormwater.  We are encouraged by the use of such controls, as this is almost always the preferred control 
method where soils with high infiltration rates are present.  Also, because discharges are essentially 
directly to the San Luis Rey River (rather than to a smaller tributary channel) the risk of 
hydromodification effects is reduced, given the large size difference between the two watersheds.  The 
larger channel is able to buffer the effects of hydromodification much more effectively than if, say, 
discharges were directed to a point mid-way up Gregory Canyon.  Portions discharge to upland areas 
where gullying may be an issue, but this is still within the broad floodplain of the San Luis Rey River.  
(See discussion of outfall 2 below.) 

The SWMP (URS, 2010) contains a detailed discussion of different models (all of which are event-based 
models), storm durations (6-hour versus 24-hour events), and style of storms used for the hydrology 
analysis; along with which of those are appropriate for the hydrology analysis.  The SWMP also discusses 
(appropriately) the fact that similar rainfall events can produce different surface runoff responses based on 
antecedent conditions (this is especially true for the smaller storms for which hydromodification is a 
particular concern).  The San Diego Hydromodification Management Plan (HMP) uses continuous 
simulation modeling to calculate flow frequencies and durations, thus the hydrologic calculations and 
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proposed controls presented in the SWMP and in the Hydrogeomorphology report (Magdych, 2010) may 
not be valid10.     

We were initially concerned that the use of the 6-hour rainfall event as the basis for hydromodification 
analysis may not be conservative enough to provide appropriate hydromodification control.  Subsequent 
to our initial review, several other items were submitted with additional discussion and analyses relevant 
to hydromodification controls.   URS (Moore, 2012a) summarized the hydromodification controls 
proposed for the project, stating that the LID BMP sizing tool11 included in the San Diego HMP was used 
to verify infiltration area sizing.  Hutton (Moore, 2012b) provided further documentation of the LID BMP 
sizing tool outputs, and comparison to the originally planned infiltration areas.  These supplemental 
details show that the infiltration areas proposed to receive stormwater runoff from the project area are 
consistent with areas sized using the LID BMP sizing tool for San Diego County, thus satisfying 
hydromodification control requirements outlined in the HMP.  We provide additional comments related to 
specific outfalls (as described in the SWMP) in the sections below. 

Outfall 1 

At outfall 1, the Hydrogeomorphology report (Magdych, 2010) states that infiltration rates are sufficient 
to control all excess stormwater volumes, but does not provide support for this statement.  While the type 
of material underlying the ‘natural depression’ (SLRR alluvium) would typically have high infiltration 
rates appropriate for accepting excess runoff, we are concerned that high groundwater levels during the 
wet season may inhibit infiltration and reduce the effectiveness of the proposed stormwater control. 

The proposed design does not describe the outlet, routing, and capacity of surface-water discharges from 
the ‘natural depression’.  Erosion of the berm separating the depression from the San Luis Rey River may 
occur if this discharge is not properly managed. 

The upper portion of the eastern perimeter drainage channel appears to have a relatively low slope, which 
may be prone to deposition of sediment as a result of debris flows or other, similar sediment-laden flows 
(during large storms and/or following wildfire events, for example).  If deposits accumulate in the 
perimeter channels, loss of capacity may result in overflow from the channel and induce scour or 
gullying.  Sediment will also accumulate in the ‘natural depression’area, resulting in reduced capacity 
(and potentially reduced infiltration rates) over time.  

Outfall 2 

The report states that, for Outfall 2: “Flows discharging the [western desilting] basin and from the 
perimeter drainage channel will be directed to the upland areas to the north and west of the desilting 
basin.  Flows from the desilting basin would be directed to level spreaders/energy dissipaters prior to 
discharge to the flat, highly permeable upland area.” (pg. 3-10) 

                                                   
10 Because actual long-term hourly (or similar) rainfall records are used for continuous modeling, continuous 
simulations inherently incorporate analysis of differing antecedent conditions and therefore more accurately predict 
actual recurrences than do standard event-based models, especially for smaller, more frequent storms (10-year and 
less). 
11 LID BMP = Low impact development best management practices  
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It is not clear from the text that both the desilting basin and perimeter channel discharges would use level 
spreaders and energy dissipaters.  While this may have been the intent, it should be explicitly stated as 
such.  Discharging the western perimeter drainage channel directly to the upland area without 
spreading/dissipation may result in gully erosion. 

Specific designs for the ‘level spreaders’ proposed at Outfall 2 are not detailed in the SWMP or 
Hydrogeomorphology report.  Though we agree that, generally, these types of controls could be 
appropriate as proposed, care should be taken that flows are adequately ‘spread’ to prevent erosion.  (This 
may also require vegetation management downstream from the discharge points to increase resistance to 
erosion).  Also, maintenance and monitoring plans should include provisions such that spreaders continue 
to operate adequately over the life of the project (sediment clogging is of particular concern). 

Other outfalls 

Outfalls 3, 4, and 5 discharge from areas of fully-impervious surfaces (paved roads and facilities areas).  
Though specific designs for these controls have not yet been developed, we see no reason that standard 
controls of the types that are generally discussed would be infeasible or ineffective at controlling for 
hydromodification, assuming the appropriate guidelines for design of such features in the HMP are 
followed.  The areas being drained are relatively small, and will discharge to areas that have a relatively 
high infiltration capacity, with sufficient room for proposed controls.   

Other comments 

The SWMP does not include controls for stormwater runoff associated specifically with the access roads 
to the borrow pits.  Despite the fact that these roads are proposed along existing dirt ranch-road 
alignments and will not be paved, some alteration to the hydrology can be expected due to higher traffic 
volumes and the use of soil sealant for dust controls (which would reduce the infiltration capacity and 
increase runoff).  Standard erosion and stormwater control practices that serve to reduce concentration of 
flows should be included as part of final project designs. 

SWMP and Hydrogeomorphology report recommendations 
 

We are comfortable with the style and methods of the proposed hydromodification controls, and 
additional analyses have been provided that the proposed stormwater sizng is consistent with the 
guidelines in the San Diego HMP (Moore, 2012a and 2012b).  While some refinement of the stormwater 
system may be required upon completions of final designs (as is typical), the proposed infiltration areas 
do not appear to be sufficiently constrained such that it would prevent adequate expansion of the areas 
under final plans, if needed, and thus we feel that the proposed plans are appropriate for an EIS-level 
analysis.  Additional areas of concern could be addressed based on the recommendations listed below. 

 Final plans should provide documentation to demonstrate that either infiltration rates are not 
affected by seasonally-high groundwater levels, or are still sufficient to provide control, or that 
the ‘natural depression’ is large enough to accommodate this limitation.  Otherwise, designs 
should be adapted to accommodate this limitation.   
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 Final designs should provide documentation of routing and capacity of surface-water discharges 
during high-flow events (when stormwater volumes exceed the capacity and infiltration rater of 
the depression).  Appropriate protection measures should be included to prevent erosion of the 
outlet from the ‘natural depression’. 

 Final designs and monitoring/maintenance plans should address the potential for deposition of 
sediment within low-gradient portions of the perimeter channels. 

 The eastern perimeter drainage channel will discharge directly to the ‘natural depression’.  
Allowances should be made for maintenance of the ‘natural depression’ to remove sediment 
accumulation, and to rehabilitate loss of infiltration capacity due to silt clogging. 

 The final designs should confirm that the western perimeter drainage channel is intended to 
discharge through ‘level spreaders’ (at Outfall 2) to prevent concentration of flow on upland areas 
adjacent to the San Luis Rey River.  Allowances should be made for maintenance of the level 
spreaders and discharge areas to remove sediment accumulation to maintain adequate spreading 
to prevent gullying, and to rehabilitate loss of infiltration capacity due to silt clogging.  
Vegetation management should be implemented in areas downstream of level spreaders to 
increase resistance to erosion.   

 Final grading and erosion control plans should include specific designs and measures for 
controlling runoff and associated sediment discharges from dirt access roads.  Plans shall account 
for the fact that runoff rates may be increased due to the addition of soil sealant. 

 

4.0 Closing 
 

As discussed above, Balance Hydrologics reviewed hydrology documentation included with the Gregory 
Canyon Landfill project submittal.  We suggest that the recommendations listed above be incorporated 
into the EIS discussion and addressed (as appropriate) with mitigation measures.   

 
Sincerely,  
 
BALANCE HYDROLOGICS, INC. 
 

 
Scott Brown, PG 
Geomorphologist/Hydrologist 
 
Enclosures: References 
 Qualifications 
  
 
cc: Luci Hise (PCR) 
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STATEMENT OF QUALIFICATIONS 
 
 
FIRM PROFILE 
Balance Hydrologics is a full-service hydrology firm, founded in 1988, with extensive experience in 
CEQA/NEPA analysis of hydrologic and water quality issues, river hydraulics and FEMA 
investigations.  Approximately 20 technical staff –hydrologists, geomorphologists, engineers and 
geoscientists – work out of our main office in Berkeley, with additional staff in satellite offices in 
Auburn, San Rafael and Santa Cruz. We work effectively on projects throughout California, and 
adjoining portions of Oregon, Nevada, and Arizona. Our support staff consists of GIS analysts, 
technical editors, graphic artists and information specialists. Normally, our services include a 
combination of the following: 
 
 Geomorphology of channels, surfaces, and slopes 
 Surface and ground water hydrology, and their interaction 
 Channel bed  and bank stability 
 Hydromodification related to urbanization, and the effects on channel form 
 Hydraulics and sediment transport in natural channels 
 Sedimentation and sediment management 
 Water and sediment quality, with particular emphasis on off-site and downstream issues 
 Wetland protection and restoration, including vernal pools and tidal wetlands 
 Hydrologic and water-quality aspects of reclamation and restoration plans 
 Water rights and related hydrologic support for permitting. 
 
Our Goal 
One of our principal goals is providing planners, engineers, biologists, and land managers with 
rigorous analyses quantifying significant watershed processes. Our emphasis is on intensive field 
study, generally structured to meet the specific needs of the habitat or watershed manager. Most 
investigations are designed to measure and control the effects of specific land uses on aquatic, 
riparian, or estuarine habitat conditions. Many projects involve measuring variations in streamflow, 
sediment transport, water quality and temperature, hillslope and channel stability, scour and fill, or 
the exchange of water and salts between streams and adjacent alluvial sediment aquifers, or in tidal 
systems. Other investigations are based on geologic, geomorphic, or soils mapping, supplemented 
by comprehensive aerial-photography interpretation and image analysis. 
 
Regulatory Expertise and Clientele  
Balance Hydrologics regularly works with a wide range of environmental regulations including 
environmental impact analyses (NEPA and CEQA), wetlands, water rights, tribal fisheries, FEMA 
and FIA regulations, and Clean Water Act and/or Porter-Cologne standards.  Our clientele is 
drawn in roughly equal proportions from managers of large land holdings (including water 
districts, land trusts, and tribes or native corporations), agency staff, and engineering and 
environmental firms seeking our specialized applications. Balance partners well with other firms, 
often adapting our scope to integrate seamlessly with a multi-disciplinary project team.   
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Field and Modeling Capabilities  
Balance Hydrologics owns a wide range of surface- and ground-water monitoring samplers and 
instrumentation, including high-flow sediment samplers used for measuring conditions in 
engineered and natural stream channels during storms.  Data exchange occurs regularly with 
several water-related agencies, including the USGS and California Department of Water Resources.  
Balance staff regularly applies standard hydraulic and hydrological programs, such as the HEC and 
TR series, and operate software developed by our staff for sediment transport, sedimentation, and 
divertability analyses. 
 
Registrations 
Balance staff consists of experienced professionals state-registered in California and a number of 
other western states: 
 Registered civil engineers 
 Registered geologists 
 Certified engineering geologists 
 Certified hydrogeologists 
 Registered environmental assessors. 
 
We also hold a wide range of certifications by professional societies, such as CPESC, CSWP, and CGWP. 
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SELECTED PROJECT EXPERIENCE 
 
Landfills 
 
Ox Mountain Landfill and Corinda Los Trancos -- Pilarcitos Creek Streamflow and Sediment 
Study, San Mateo County, California 
Under a grant from the USEPA, Balance Hydrologics conducted a three-year study of streamflow 
and sediment transport in the Pilarcitos Creek drainage in conjunction with the San Mateo County 
Resource Conservation District.  Three full continuous-recording stream gages and four partial-
record stations were installed by Balance staff in October 1997 and operated through 2000, with the 
assistance of staff from the local Resource Conservation District.  We also developed a sediment 
budget to identify the tributaries contributing to this sediment-impaired stream system.  The 
highest sediment loads were observed on Corinda Los Trancos, a 1.2 square-mile watershed of 
which 50 percent is present or proposed landfill.  Balance staff developed an approach allowing 
comparison of suspended and bedload transport in this channel to other weathered-granitic 
watersheds in the Bay Area, and showed that (unlike other catchments) loads were persistently 
high during all storms.  Using mineralogical evidence, we also showed that Corinda is an important 
source of habitat-impairing sediment in Pilarcitos Creek.  These dual findings led to a cooperative 
effort to restore the Corinda channel, stabilizing the bed and banks, which had been disrupted by 
the increased flood peaks from drainage over the landfill.  
 
Kirby Canyon Wetland Mitigation and Channel Enhancement, Santa Clara County, California 
Balance Hydrologics was retained by a large resource management company seeking to create 1.2 
acres of wetlands as mitigation for ongoing operations at the Kirby Canyon Landfill, presently 
Santa Clara County’s principal operating landfill.  Located within the Coyote Creek watershed in 
the Diablo Range, the project site is characterized by western-facing slopes on fractured serpentine 
bedrock.  Balance Hydrologics was asked to evaluate the hydrologic feasibility of a previously-
identified mitigation area to provide saturated soils and a perennial deep-water pond in support of 
the Mount Hamilton thistle, a federally-listed species of concern.  A monthly time-step hydrologic 

model developed to assess the site under 
normal, dry, and wet year-type scenarios 
showed that mitigation could be successful 
within established criteria.  We subsequently 
measured seep outflows and soil moisture to 
validate and calibrate this model.  Balance staff, 
responding to a request to identify and design 
habitat enhancement opportunities along steep 
headwater channels in the mitigation envelope, 
developed a conceptual design to collect and 
pond water in the upper reaches of a channel, 
thereby providing additional habitat for 
endangered California red-legged frogs. 
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Southern California Hydrology and Geomorphology 
 
Santa Clara River Hydromodification Mitigation Program, Newhall, Los Angeles County, 
California 
Urbanization in the Newhall/Valencia area could potentially alter the form and pattern of the 
middle reaches of the Santa Clara River channel.  Likely causes of geomorphic change would be 
increased stormflows from additional impervious surfaces, or erosion of the channel downstream 
from newly-hardened surfaces.  Balance staff evaluated the anticipated degree of change in the 
Santa Clara River channel downstream to the confluence with Sespe Creek, both empirically and 
theoretically, based on modeling developed by an expert watershed modeling firm.   Detailed 
channel-form analyses developed from 
historical aerial photography were used to 
empirically evaluate response of the river to 
past increases and decreases in both: (a) flow, 
and (b) coarse-sediment input.  We 
supplemented the initial analyses with 
rigorous comparisons of channel form before 
and after the closure of Castaic and Piru 
dams reduced sediment delivery to the river.  
The likely channel response was also 
theoretically predicted based on historical 
adjustments in similar channels to known 
changes in bedload sediment supply.  As 
potential effects on the river were considered 
significant, we proposed alternative means of 
minimizing and mitigating for these 
anticipated changes.   
 
Boulder Creek Channel Stability Analysis, Fillmore, Ventura County, California 
Kaiser Sand & Gravel proposed a large aggregate facility near Fillmore, California.  Balance 
Hydrologics was retained to assess the stability of the existing channel in this steep watershed 
flowing southward into the Santa Clara River, and to recommend a channel geometry and profile 
for a restored channel to be constructed as part of reclamation.  The channel is developed in 
materials composed of debris flows, containing large boulders within a fine-grained matrix.  Stable 
banks in such streams have near-vertical banks, and a characteristic step-pool profile.  The plans for 
the restored channel were based on these intrinsic attributes, based on surveys made in Boulder 
Creek above the project and in other nearby streams along the San Cayetano Mountain front. 
 
Special Area Management Plan (SAMP), San Juan and San Mateo Watersheds, Orange 
County, California 
The Corps of Engineers, California Department of Fish and Game, Rancho Mission Viejo, and the 
County of Orange have designated approximately 14,000 acres as a Special Area Management Plan 
within which plans and permitting are being coordinated to maximize watershed-scale functions 
and minimize cumulative wetland and channel impacts.  In conjunction with PCR Services, Balance 
Hydrologics measured, mapped, and assessed changes in nutrient, salt, and trace element contents 
related to past urbanization in surrounding portions of Orange County, as well as on the Rancho, 
both in surface waters and in shallow groundwater.  Results were used to project likely post-project 
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water quality in the San Juan Capistrano and San Mateo Creek watersheds, and the attenuative 
effects of mitigation measures at the watershed scale.  In addition, Balance staff measured or 
simulated: 

 Differences in runoff and 
sedimentation potentials from various 
terrains in these watersheds; 

 Sediment yields and susceptibility to 
channel incision; 

 Channel stability and geomorphic 
functions; 

 Anticipated changes in shallow and 
deeper alluvial groundwater 
conditions;  

 Aquifer properties of sandstone 
aquifers; and 

  Water quality functions and how to 
best retain the watershed’s existing 
renovation potential. 

This work was completed in parallel with development of a Natural Communities Conservation 
Plan (NCCP), in which areas and management of large preserves are being established.  The SAMP 
investigations were conducted in conjunction with two engineering consultants, biologists, and 
habitat specialists at the Corps of Engineers’ Waterways Experiment Station in Vicksburg. 
 
Sisquoc River Geomorphic and Groundwater Study, Santa Barbara County, California 
Balance Hydrologics conducted a comprehensive hydrologic, geomorphic, and hydrogeologic 
assessment of the Sisquoc Plain area of northern Santa Barbara County, California.  The assessment 
will be used to evaluate alternatives for producing sand and gravel from this designated regionally-
significant source of PCC-grade aggregates.  Balance staff carried out a detailed drilling program to 
evaluate the hydrogeology with the first site-specific data, and installed piezometers to measure 
aquifer response to seasonal recharge.  We developed a 61-year daily sediment-transport model to 
estimate mean annual delivery of coarse sediment, year-to-year variability of delivery, and the role 
of wildfires in delivery of coarse sediment to the Sisquoc Plain.  Simulations have been calibrated 

with measured changes in channel geometry 
using sequential aerial photographs and other 
archival information, and with limited 
sediment-transport monitoring.  Balance staff 
modeled use of pits for a program of managed 
aquifer recharge intended to offset regional 
groundwater overdraft and to control salinity 
increases which were reaching levels which 
could restrict beneficial uses of the aquifer.  
Balance staff helped revise the mining and 
reclamation plans after the 1998 floods, and 
after local and statewide listings of the 
California tiger salamander in 2001 and 2004. 
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Balance staff also developed a comprehensive River Mining Plan (RMP) for the next 25 years to 
meet county permitting requirements.  The RMP incorporates a multi-objective corridor that 
includes riparian and wetland habitat; there is no steelhead spawning or rearing habitat in the 
adjoining river.  Corridor management strategies emphasize native vegetation enhancement and 
accommodation of natural flow regimes and attendant channel adjustments with the aim of 
achieving regional wildlife migration, improve wildlife forage and cover, noise abatement, channel 
bank stability, and aesthetic goals. 
 
Salsipuedes Creek River Geomorphology Report for Caltrans District 5 
Santa Barbara County, California 
The State Highway 1 Bridge crossing Salsipuedes Creek in Santa Barbara County, California has 
experienced significant bed scour and bank erosion since the bridge was built in 1929.  The stability 
of the bridge has been compromised, as has steelhead/rainbow trout fish passage.  Various ‘hard’ 
methods were used to halt channel degradation and improve fish passage, none of which have 
worked.  Balance Hydrologics was retained to investigate the genesis of bank erosion and three 
scour holes, and to evaluate four mitigation channel designs intended to provide suitable fish 
passage at the bridge.  Geomorphic and geologic data were collected during field reconnaissance 
visits, and hydrologic flow data were obtained from the USGS.  1D and 2D numerical modeling 
was used to evaluate a) velocities, depths, and shear stresses over range of flow conditions on 
bridge abutments, bents and footings, as well as on channel beds and banks of the project reach and 
proposed project components; b) fish passage potential of existing conditions and project 
alternatives; and c) sediment deposition and erosion patterns under existing conditions and with 
project alternatives in place understand the evolution and future of the scour holes.  The geologic 
investigation showed that Santa Ynez Mountain uplift rates paired with recovery from the last 
glacial maximum explained channel incision of >25 feet throughout the project reach.  Exposed 
Monterey Formation bedrock is the origin of the scour pools, and are currently held in place, 
although structural integrity of the bedrock has been compromised due to maintenance work.  
Model results indicate that bridge structures and within the channel boundary have exacerbated 
bed and bank erosion.  Fish passage could be improved using a mitigation alternative, although 
issues exist with implementation due to the extensive bedrock exposure. 
 
Hydrogeomorphic Model Manual for Southern California Vernal Pools, San Diego County, 
California 
Vernal Pools of Southern California, 1999-2009 
Balance Hydrologics, Inc., in conjunction with San Diego State University and the University of San 
Diego, received a three-year grant from EPA Region IX to develop a manual for assessment of 
vernal pools and for developing related approaches for their protection.  The manual is based on the 
Corps of Engineers new Hydrogeomorphic Method (HGM), which uses approximately 40 to 50 
functional values to classify and evaluate wetlands, is directed by Prof. Ellen Bauder.  Balance’s 
responsibilities included hydrology, geomorphology, sedimentation, hydrogeology, and (with Marie 
Simovich of UCSD) water quality.  Balance is responsible for all hydrology, soils, and most water-
quality variables, and for developing a classification for Southern California within which the HGM 
guidebook can be applied. 
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Large-Scale Custom Stream Modeling 
 
Hydraulic Analyses for Restoration of the Lower Carmel River, City of Carmel, California  
Balance Hydrologics assisted the Big Sur Land Trust to identify and assess a number of restoration 
alternatives along the Lower Carmel River Valley.  The restoration effort was intended to reconnect 
a leveed agricultural parcel to the adjacent main channel of the Carmel River and address 
significant flooding issues along the developed portions of the floodplain.  A detailed HEC-RAS 
model and a sophisticated 2-dimensional model of the reach were developed.  Specific tasks have 
included: 

 Development of a HEC-RAS model extending 2 miles inland from the mouth of the river at the 
Pacific Ocean, and including numerous lateral weirs, bridges, split flows, culverts, and an 
iterative solution to determine flood flows through an adjacent urban area; 

 Comparing HEC-RAS model 
results with a 2-dimensional 
hydraulic model (FESWMS); 

 Identifying and quantifying 
weak points in the existing 
levee network, flood extents 
and flood control benefits of 
the design alternatives;   

 Preparation of conceptual 
grading plans for the 
restoration of 115 acres of 
leveed agricultural land;       

 Fluvial geomorphic 
assessment of downstream 
sediment loading from the 
proposed design alternatives;  

 Assisting the Big Sur Land Trust in presenting design alternatives to stakeholders and agencies. 

The project has resulted in a proposed restoration concept that would naturalize a large portion of 
the Lower Carmel River Valley, providing valuable riparian habitat in addition to a beneficial 
hydrologic connection to the downstream lagoon.  Flood control aspects of the proposed design 
would also reduce the millions of dollars of recurring flood damages within the lower end of the 
valley. 
 
HEC-RAS was unable to solve the combination of split, lateral weir, and bridge flows.  This was 
overcome by incorporating a pump to estimate one split flood flow path and solving iteratively to 
balance the split flows and downstream water surface elevations. 
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Ventura River Floodplain Analysis, Ventura County, California  
Balance Hydrologics staff worked with reclamation and wildlife specialists to develop a closure 
plan for an aggregate facility which has operated near the mouth of the Ventura River since the 
1930s.  The proposed reclamation plan included establishing a mosaic of shrubs, hardwoods, and 
willows over portions of the bed and banks of the river.  Biological specialists anticipated that this 
plan, involving a mix of planting and brush control, would inhibit colonization by giant reed and 
other undesirable weedy species.  Balance staff also applied conventional hydrologic models to 
assess the effects of this plan on water levels and near-levee velocities during a 100-year event. 
 
Floodplain and FEMA studies, Villages of Patterson and Keystone Ranch Projects, 
Stanislaus County, California 
The Villages of Patterson mixed-use project is planned for a 670-acre site east of Highway 33 and 
adjacent to the City of Patterson.  The property lies equidistant between the mouth of the canyons 
formed by Salado Creek and Del Puerto Creek.  Much of the area between the alluvial fans formed 
by the two creeks is subject to flooding when the capacity of the creek channels is exceeded, leading 
to the potential for extensive shallow flooding.  Since 
development of these areas requires a consistent approach 
to flood control improvements, Balance Hydrologics was 
asked to update existing FEMA studies for the two creeks 
to coordinate sub-regional flood control strategies and 
guide land use and site design decisions.  This work 
included developing new hydrologic and hydraulic 
modeling approaches integrating recent improvements in 
local flood control infrastructure.  The modeling, using the 
U.S. Army Corps of Engineers’ HEC-HMS and HEC-RAS 
platforms as well as the MOUSE software package, placed 
the site-specific information into the regional hydrologic 
context, so that potential flood hazards could be assessed 
during project-level CEQA review.  We also provided 
preliminary design criteria for measures to mitigate flood 
risks on-site as well as at upslope and downgradient 
parcels. 

We subsequently were asked by proponents of a project 
west of Highway 33, Keystone Ranch, to expand the 
previous hydraulic modeling and flood flow routing effort 
related to overbank flows from Del Puerto Creek and to 
assist their engineers in selecting a project drainage design that would accommodate the potential 
flood hazard without impacting their site or adjacent property owners.  Working with improved 
local topographic information, Balance staff updated the predicted overland flow patterns and 
discharges. The resulting model output was then used to formulate alternative site configurations 
appropriate for safely conveying flood flows through the project.  Results of the analyses and 
modeling were later incorporated into the Flood Control Master Plan for the project and used for 
engineering and project review under CEQA.  
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Objective 
 
The objective of this sensitivity analysis is to determine if a variance in the interpretation of roughness 
factors based on existing and or future conditions within the Gregory Canyon reach of the San Luis Rey 
River could cause significant variations to the flood plains calculated in that “Water Surface Analysis Study 
for Gregory Canyon” dated March 30, 2011 by Excel Engineering.   
 
 
 
Overview 
 
Project Location 
The proposed development is located at approximately 3 miles northeasterly of I-15 on the east side of 
State Route 76 or 3 miles southwesterly of Pala Casino Indian reservation, County of San Diego, 
California.  This area is located in the San Luis Rey River watershed. A portion of the site is currently an 
active agriculture area and the rest, about 80% is a vacant area with heavy brush and trees. The reach of 
the San Luis Rey River that is analyzed in this study is referred to as the Gregory Canyon Reach. The 
reach follows the length of the San Luis Rey River through the Gregory Canyon property. The stationing 
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for the study reach begins with 5+00 at the site’s westerly boundary and proceeds upstream and easterly to 
STA 63+00 at the property’s easterly boundary. 
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Roughness Factor Determination (Manning’s ‘n’ Value) 

The Roughness factor or (n) value utilized in the “Water Surface Analysis Study for Gregory Canyon” 
dated March 30, 2011 by Excel Engineering was developed based on several factors: 

• The HEC-RAS runs performed by FEMA in 1976 and 1978 were researched and it was found 
that an ‘n’ factor of .03 for the main channel was utilized and .04 on the floodplains was 
utilized within this particular study reach being  San Luis Rey River Miles 19.622 thru 21.053, 
for the 10yr analysis.  An “n’ factor of .03 in the main channel and .03 in the floodplains was 
utilized for both the 100yr and 50yr analysis.  The FEMA provided copy of the 500yr runs did 
not include the data entry section so that ‘n’ value was not able to be validated for FEMA’s 
500yr run. (see Appendix C) 

• Historical aerial photos were reviewed to determine any knock down patterns in the channel 
vegetation.  It was found that after larger storms the channel significantly cleared.  It was also 
determined that the historical crop production adjacent to channel is quickly consumed by the 
fast growing chaparrals located within the area when the fields are abandoned. 

• Field reconnaissance of the channel occurred and field survey data was collected to better 
define the channel.  

Based on this data, and utilizing Table 3.1 from the HEC-RAS River Analysis System Hydraulic 
Reference Manual Version 3.1 dated November 2002.  It was determined that a reasonable ‘n’ factor 
for the main channel would be 0.035 and the flood plains would be 0.05.  Please take note that this is 
significantly more conservative than the ‘n’ factors utilized in the FEMA 1976 and 1978 studies. 

It was determined that a sensitivity analysis utilizing other potential ‘n’ factors would be a valuable 
analysis that would provide additional support to the “Water Surface Analysis Study for Gregory 
Canyon” dated March 30, 2011 by Excel Engineering. 

Therefore alternate HEC-RAS runs utilizing reasonable alternate ‘n’ factors was deemed appropriate 
to insure that no significant variations would occur to the water surfaces determined within said report. 

Two conditions seemed appropriate to study: 

• First a condition in which the Main Channel had not experienced clearing due to a larger storm 
and the flood plains remained in a cultivated pattern.  Utilizing Table 3.1 from the HEC-RAS 
River Analysis System Hydraulic Reference Manual Version 3.1 dated November 2002 the 
Main Channel will utilize an ‘n’ of 0.045 and the flood plains will utilize an ‘n’ of .04.  

• Second a condition in which the Main Channel had not experienced clearing due to a larger 
storm with the flood plains no longer being cultivated and chaparral has replaced crops. 
Utilizing Table 3.1 from the HEC-RAS River Analysis System Hydraulic Reference Manual 
Version 3.1 dated November 2002 the Main Channel will utilize an ‘n’ of 0.045 and the flood 
plains will utilize an ‘n’ of 0.05. 
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Methodology 
 
Data sources 
All data utilized for this sensitivity analysis is from “Water Surface Analysis Study for Gregory Canyon” 
dated March 30, 2011 by Excel Engineering.  The HEC-RAS runs have been modified for ‘n’ value only.  
 
See said study for detailed methodology. 
 
 
Findings 
 
Calculation Results 

• The first sensitivity analysis run was a Main Channel which had not experienced clearing due 
to a larger storm and the flood plains which remained in a cultivated pattern an ‘n’ of 0.045 for 
the main channel and 0.040 for the floodplain was evaluated.    The results provided for an 
average 0.46’ increase in flood plain elevation for the 100 yr event over what had been previously 
stated in the original report.  

 

The following Table and Plan View Exhibit shows a comparison between the 100 yr water 
surfaces developed in the “Water Surface Analysis Study for Gregory Canyon” dated March 30, 
2011 by Excel Engineering and the sensitivity analysis run noted above.   



n=0.045 n original
Gregory Cyn 6300 Q100YR 316.78 315.94 0.84
Gregory Cyn 5828.85 Q100YR 315.70 315.30 0.40
Gregory Cyn 5600 Q100YR 315.23 314.94 0.29
Gregory Cyn 5444.1 Q100YR 314.78 314.47 0.31
Gregory Cyn 5300 Q100YR 313.76 313.73 0.03
Gregory Cyn 5200 Q100YR 313.11 312.74 0.37
Gregory Cyn 5058.99 Q100YR 312.63 312.15 0.48
Gregory Cyn 4900 Q100YR 312.11 311.67 0.44
Gregory Cyn 4800 Q100YR 311.73 311.51 0.22
Gregory Cyn 4692.14 Q100YR 311.12 310.69 0.43
Gregory Cyn 4600 Q100YR 310.89 310.55 0.34
Gregory Cyn 4500 Q100YR 310.09 309.43 0.66
Gregory Cyn 4400 Q100YR 309.78 309.37 0.41
Gregory Cyn 4300 Q100YR 309.04 308.60 0.44
Gregory Cyn 4190.93 Q100YR 308.10 307.93 0.17
Gregory Cyn 3748.97 Q100YR 307.37 307.28 0.09
Gregory Cyn 3355.33 Q100YR 306.64 306.37 0.27
Gregory Cyn 3155.34* Q100YR 305.35 304.97 0.38
Gregory Cyn 2876.16 Q100YR 304.84 304.52 0.32
Gregory Cyn 2585.52 Q100YR 304.18 302.93 1.25
Gregory Cyn 2212.77 Q100YR 303.73 302.68 1.05
Gregory Cyn 1434.22 Q100YR 300.97 299.56 1.41
Gregory Cyn 500 Q100YR 294.65 294.58 0.07

L/R=0.040
MC=0.045 AVG 0.46

DiffReach River Sta Profile
W.S. Elev (ft)
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• The second sensitivity analysis run was based on a Main Channel which had not experienced 
clearing due to a larger storm and the flood plains with abandoned cultivated field overtaken 
by chaparral.  This analysis utilizes an ‘n’ of 0.045 for the main channel and 0.050 for the 
floodplain.    The results provided for an average 0.65’ increase in flood plain elevation for the 
100 yr event over the levels in the original study.  

 

The following Table and Plan View Exhibit shows a comparison between the 100 yr water 
surfaces developed in the “Water Surface Analysis Study for Gregory Canyon” dated March 30, 
2011 by Excel Engineering and the sensitivity analysis run noted above.   

 



n=0.045 n original
Gregory Cyn 6300 Q100YR 316.87 315.94 0.93
Gregory Cyn 5828.85 Q100YR 315.85 315.30 0.55
Gregory Cyn 5600 Q100YR 315.41 314.94 0.47
Gregory Cyn 5444.1 Q100YR 314.96 314.47 0.49
Gregory Cyn 5300 Q100YR 314.06 313.73 0.33
Gregory Cyn 5200 Q100YR 313.36 312.74 0.62
Gregory Cyn 5058.99 Q100YR 312.78 312.15 0.63
Gregory Cyn 4900 Q100YR 312.21 311.67 0.54
Gregory Cyn 4800 Q100YR 311.88 311.51 0.37
Gregory Cyn 4692.14 Q100YR 311.22 310.69 0.53
Gregory Cyn 4600 Q100YR 310.97 310.55 0.42
Gregory Cyn 4500 Q100YR 310.29 309.43 0.86
Gregory Cyn 4400 Q100YR 309.94 309.37 0.57
Gregory Cyn 4300 Q100YR 309.25 308.60 0.65
Gregory Cyn 4190.93 Q100YR 308.55 307.93 0.62
Gregory Cyn 3748.97 Q100YR 307.73 307.28 0.45
Gregory Cyn 3355.33 Q100YR 306.82 306.37 0.45
Gregory Cyn 3155.34* Q100YR 305.73 304.97 0.76
Gregory Cyn 2876.16 Q100YR 305.18 304.52 0.66
Gregory Cyn 2585.52 Q100YR 304.28 302.93 1.35
Gregory Cyn 2212.77 Q100YR 303.83 302.68 1.15
Gregory Cyn 1434.22 Q100YR 301.14 299.56 1.58
Gregory Cyn 500 Q100YR 294.60 294.58 0.02

L/R=0.050
MC=0.045 AVG 0.65

W.S. Elev (ft)
DiffReach River Sta Profile





 



 
 

Summary and Conclusions 
 
The Gregory Canyon river reach as analyzed in that “Water Surface Analysis Study for Gregory Canyon” 
dated March 30, 2011 by Excel Engineering utilized a roughness coefficient that when compared with 
other alternate ‘n’ factor conditions does not cause for any significant differences to the project water 
surfaces through the Gregory Canyon reach of the San Luis Rey River. 
 
Therefore this sensitivity analysis can conclude that the water surfaces provided within said report are 
consistent with alternate interpretations of ‘n’ factor along this river reach.  
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Appendix A 
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Objective 
 
This study is being conducted to determine the floodwater conditions in the San Luis Rey River adjacent 
to the Gregory Canyon land fill project area.  This study will evaluate the flooded areas due to the 10, 50, 
100 and 500 year storm events.  The determination of the flooded area is of substantial interest to 
planners, land developers, engineers and flood insurance providers. 
 
The floodway analysis procedures assume a steady flow with no significant turbulences for each of the 
chosen storm events.  Steady flow refers to a condition where the fluid properties at a point in the system 
do not change over time.  This analysis is being conducted through use of the USACE HEC-RAS, version 
4.1.0 January 2010 computer software.  The software input includes existing river channel slopes and 
detailed cross sections of the existing floodway.  The cross sections were largely taken from a new aerial 
topography of the San Luis Rey River in the Gregory Canyon area.  For any given flow rate, the software 
determines the water surface elevations at each cross section.  The elevations are then plotted on the aerial 
topo and shown as exhibits. 
 
 
 
Overview 
 
Project Location 
The proposed development is located at approximately 3 miles northeasterly of I-15 on the east side of 
State Route 76 or 3 miles southwesterly of Pala Casino Indian reservation, County of San Diego, 
California.  This area is located in the San Luis Rey River watershed. A portion of the site is currently an 
active agriculture area and the rest, about 80% is a vacant area with heavy brushes and trees. The reach of 
the San Luis Rey River that is analyzed in this study is referred to as the Gregory Canyon Reach. The 
reach follows the length of the San Luis Rey River through the Gregory Canyon property. The stationing 
begins with 5+00 at the site’s westerly boundary and proceeds upstream and easterly to STA 63+00 at the 
property’s easterly boundary. 
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Watershed Description 
The San Luis Rey River watershed is located in northern portion of San Diego County and bordered to 
the north by the Santa Margarita River watersheds and to the south by the Carlsbad and San Dieguito 
River Watersheds. It originates in the Palomar and Hot Springs Mountains, both over 6,000 feet above sea 
mean level, as well as several other mountain ranges along the western border or the Anza Borrego Desert 
Park. The river runs generally east to west in a well-defined riverbed and extends over 55 miles across 
northern San Diego County forming a watershed with an area of approximately 560 square miles and 
ultimately discharges to the Pacific Ocean near the City of Oceanside. 

About half (49%) of the land in the watershed is privately owned, 37% is publicly owned, and the 
remaining 14% consists of six federally recognized Tribal Indian Reservations. In the western half of the 
watershed, private ownership dominates. Population centers include the City of Oceanside and the 
unincorporated communities of Fallbrook, Bonsall, and Valley Center. Moving east through the 
watershed, public lands become increasingly dominant. Over 54% of the land in the watershed is vacant 
or undeveloped. The next largest land uses in the watershed are residential (15%) and agriculture (14%). 
Principal agricultural uses include cattle grazing, nurseries, citrus groves, and avocado groves. (Source: 
www.projectcleanwater.org) 

The watershed is comprised of three Hydrologic Areas (HAS), which have been delineated by the San 
Diego Regional Water Quality Control Board based on drainage patterns: Lower San Luis (HA 903.1), 
Monserate (HA 903.2), and Warner Valley (HA 903.3). The Warner Valley HA is upstream of Lake 
Henshaw, a reservoir owned and operated by the Vista Irrigation District. Water from the San Luis Rey 
River is diverted approximately ten miles downstream of Henshaw Dam to serve the municipal drinking 
water needs of customers in Escondido and Vista. 

 

 

Fig.1 San Luis Rey River Watershed 
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Methodology 
 
Data sources 
The flow rate information for the San Luis Rey River is based on a “Flood Insurance Study, San Diego 
County, California and Incorporated areas, Volume 1 of 7, Revised June 16, 1999” by FEMA.    This 
study and the associated USACE HEC-2 calculations (see Appendix D) specify the flow rates expected 
through the Gregory Canyon Reach during the 10, 50, 100 and 500 year storm events.  
 
This study covered a 26 mile long reach of the San Luis Rey River.  It begins near the confluence of the 
San Luis Rey River with Gopher Canyon and extends upstream to the confluence with Pauma Creek.  
Research was conducted with FEMA and the California Department of Water Resources.  No additional 
studies were found that showed detailed flood rates or elevations. 
 
Unfortunately, there is no plan view map showing the locations of the various stations used for the study.  
However, Excel Engineering was able to approximately re-establish the stationing by tracing river 
elevations and reach stationing on a USGS quad map of the area (see Appendix C).  This map is not exact, 
but it does allow us to precisely select the FEMA peak flow rates through the project reach. 
 
Determining Discharges from available data 
The data from HEC-2 output file (provided by FEMA Library see Appendix C) was applied to a USGS 
topographic map to determine the location of each cross section number. From this map we can 
determine the peak discharge rate at our area of interest, which is approximately 10 miles upstream from 
the beginning of the study.  Based on the cross section data (river bed elevations, section number and the 
channel length) on the HEC-2 output files, we have determined that a Peak discharge of 30,000 cfs is the 
flow rate that passes through Gregory Canyon during the 100 year storm event. In this study, the cross 
section numbers of 19+622 to 21+053 are the cross section numbers that are located through the 
Gregory Canyon study area.  The peak discharges for 10, 50, 100 and 500 year storm events taken from 
the HEC-2 data is shown in the table below. 
 
Table 1. Summary of San Luis Ray River Discharges 

Peak Discharges (cfs) Flooding Source and 
Location 

Drainage 
Area 

(Sq. Miles) 10-Year 50-Year 100-Year 500-Year

Downstream of Pauma 167.3 4,000 18,000 30,000 78,000 
      Source: Flood Insurance Study, FEMA June 16, 1999 Vol.1 pg.59 
 
Calculation Method 
Analyses of the hydraulic characteristics of flooding from the sources studied were carried out to provide 
estimates of the elevations of floods of the selected recurrence intervals. Water-surface elevations for 
flood of the selected recurrence intervals were computed through use of the USACE HEC-RAS version 
4.1.0 January 2010 computer program.   

a. Setting up Geometric data and river delineation 
A scaled background image from AutoCAD along with a world file is used as the backdrop for the 
river delineation in HEC-RAS. Several river cross sections are established from downstream to the 
upstream within a 5,800 feet long reach started from station 5+00 to 63+00. This reach is labeled 
as Gregory Canyon in the program. Please notice that the stationing mentioned in this study is not 
referring to San Luis Rey River stationing from the FEMA study but cross sections numbered 
specifically for this study. 
 



 7

b. Cross sections 
From the present topographic data, the cross sections are generated based on the computer 
surface modeling projections. The cross section geometric data consists of the: X-Y coordinates, 
reach lengths, Manning’s n values, location of levees, and contraction and expansion coefficients. 
There are 22 cross sections and 1 interpolated cross section as a data input to model the river 
channel.  

c. Steady flow water surface profiles 
This analysis is used to calculate water surface profiles for steady gradually varied flow with sub-
critical flow regime and is designed for application in flood management. The basic computational 
procedure is based on the solution of the one-dimensional energy equation. Energy loses are 
evaluated by friction (manning’s equation) and contraction/expansion (coefficient multiplied by 
the change in velocity head). The momentum equation is utilized in situations where surface 
profile is rapidly varied.  
 
Water surface profiles are computed from one cross section to the next by solving the energy 
equation with an iterative procedure called the standard step method as follows: 

eh
g

VaYZ
g

VaYZ +++=++
22

2
11

11

2
22

22  (1) 

Where: 21,ZZ  =elevation of the main channel inverts 
 21,YY  =depth of water at cross sections 
 21,VV  =average velocities (total discharge/ total flow area) 
 21,aa  = velocity weighting coefficients 
 g = gravitational acceleration 
 eh  = energy head loss 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig2. Representation of terms in the energy equation 
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The energy head loss eh between two cross sections is comprised of friction losses and contraction or 
expansion losses. The equation can be written as follows: 

(2) 
Where: 
L  = discharge weighted reach length 

fS = representative friction slope for reach between two section 
C  = expansion or contraction loss coefficient 
 
The distance weighted reach length, L is calculated as: 

(3) 
Where: 

robchlob LLL ,, =  cross section reach lengths specified for flow in the left overbank, main channel, and right 
overbank, respectively 

robchlob QQQ ++ = arithmetic average of the flows between section for the left overbank, main channel, 
and right overbank, respectively. 
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Findings 
 
Calculation Results 
Once the existing riverbed cross sections were completed and entered with the corresponding flow rates 
the HEC software created a water surface profile showing the surface elevations for each of the selected 
storm events.  There are four different flood plain profiles calculated.  These are based on the 10, 50, 100 
and 500 year storm events. 
 
To present the resuls, a flood plain map has been developed to show the limits of the 10, 50, 100 and 500 
year storm events.  The computed water surface elevation of each cross section is projected to the 
topographic map and then a projected line is interpolated between adjacent cross sections. 
 
The resulting flood plains for the selected events are shown on the overall flood map in Appendix D.  
The 100 and 500-year event floodplains appear very similar to the mapped FEMA floodplains.  Any 
significant differences come from developed areas (the dairy) and the more accurate topography used in 
this study.  The limits of the 10 and 50-year storm events are also shown on this map.  Note that during 
the 100 and 500-year floods, portions of Highway 76 become inundated. 
 
Ineffective Flow Areas 
Ineffective flow is used to define an area of the cross section in which the water will accumulate but is not 
being actively conveyed. These areas are set at river Sta 5+00 to 25+85.52 to represent areas that 
accumulate due to the vertical land mass and a pond area at Sta 54+44.10. 
 
Software Warnings 
The cross sections for stations 5+00 through 31+55.34 (an interpolated cross section) are affected by a 
raised dirt bank and road known as James Lane.  This road lies between Highway 76 and the main river 
channel.  In regards to the HEC software, this road forms a levee.  
 
As shown on the flood map, both the 100 and 500-year flood events are anticipated to overtop this levee 
and create a substantial flood plain area.  The 10 and 50-year events will be contained in the river channel 
as shown on the map. 
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Fig. 3 Exhibit of 100 Year Flood Plain Map and San Luis Rey River Cross Sections in the 
Gregory Canyon Study Reach 
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HEC-RAS Results for 10, 50, 100, 500 year storm events 

 
Table. 2 HEC-RAS 10 Year Storm Summary Table 

 
 

From table above, we can see that the highest water level is at river station 63+00 is 311.24 ft and the lowest is 287.77 ft at river station 5+00 
above mean sea level. The water surface level is varied depending on the river base elevations and the slope in between the cross sections. 
There is a small island in between section 50+58.99 and 52+00 that is identified in the HEC-RAS run; the vertical gap between water surface 
level and top ground surface of this island area varies from .0’ to .78’. Since the accuracy of a 2 foot contour aerial utilized for this model is a 
half contour interval, and the maximum height above the 10 year storm surface between the river station is .78 feet therefore this island area 
will be considered inundated or submerged for this calculation. 
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Table. 3 HEC-RAS 50 Year Storm Summary Table 
From table above, we can see that the highest water level is at river station 63+00 is 313.96 ft and the lowest is 292.32 ft at river station 5+00 
above mean sea level. The water surface level is varied depending on the river base elevations and the slope in between the cross sections. 
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Table. 4 HEC-RAS 100 Year Storm Summary Table 
 
 

From table above, we can see that the highest water level is on the upstream which is 315.94 ft and the lowest is 294.03 ft above mean sea 
level. The water surface level is varied depend on river base elevations and the slope in between the cross sections. In this storm event, the 
flood area is more extensive ranging from 710 ft to 1,250 ft wide. 
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Table. 5 HEC-RAS 500 Year Storm Summary Table 
 
 

From table above, we can see that the highest water level is on the upstream which is 315.94 ft and the lowest is 294.03 ft above mean sea 
level. The water surface level is varied depend on river base elevations and the slope in between the cross sections. In this storm event, the 
flood area is the most extensive compare to the others ranging from 1,035 ft to 2,289 ft wide. 
 
 
 
 
 
 



 
Summary and Conclusions 
 
The Gregory Canyon river reach was analyzed using the compiled topography base provided by Excel 
Engineering. The HEC-RAS software was executed based on subcritical flow regime to determine the 
water surface. The river station’s cross sections were generated from an aerial topography map and were 
manually input in the HEC-RAS program.  This program generates water surface profiles for steady 
gradually varied flow. The steady flow system is designed for application in flood plain management and 
flood insurance studies to evaluate floodway encroachment.  
 
The change in water surface profiles due to effect of obstructions or levees are also considered in the 
computation. The basic computational procedure is based on the solution of the one dimensional energy 
equation. Energy losses are evaluated by friction (Manning’s equation) and contraction/expansion along 
the reach. 
 
There are 23 cross sections created to represent the river condition and characteristic over a 5,800 foot 
over reach.  The 10 and 50 year storm event is calculated with levee set from station 5+00 to 28+76.16 
(James Lane).  
For 100 and 500-year storm event the storm surface exceed the levee elevation at station 31+55.34, 
therefore a divided flow occurs in both the 100 and 500-year storm event at this area. 
 
The highest water level is at river station 63+00 is 311.24 ft and the lowest is 287.77 ft at river station 
5+00 above mean sea level. The water surface level is varied depending on the river base elevations and 
the slope in between the cross sections. 
 
10 year storm event 
There is a small island in between section 50+58.99 and 52+00 that is identified in the HEC-RAS run; the 
vertical gap between water surface level and top ground surface of this island area varies from .0’ to .78’. 
Since the accuracy of a 2 foot contour aerial utilized for this model is a half contour interval, and the 
maximum height above the 10 year storm surface between the river station is .78 feet therefore this island 
area will be considered inundated or submerged for this calculation. The 10 year storm is contained within 
the existing channel. 
 
50 year storm event 
The 50-year storm exceeds the channel bank up to 600 ft past the existing channel. 
 
100-year storm event 
In this storm event, the flood area is more extensive ranging in width from 710 ft to 1,250 ft and covers 
existing uses adjacent to the river path including portions of Highway 76. 
 
500 year storm event 
In this storm event, the flood area is the most extensive as compare to the 10, 50, and 100-year storm 
event. The 500 year storm flow covers a width ranging from 1,035 ft to 2,289 ft wide. The flooded area 
includes portions of Route 76 through the majority of the Gregory Canyon reach.  
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APPENDIX A 
Flood Map of the San Luis Rey River – 

Gregory Canyon Study Reach  
for 10, 50, 100, and 500 year storm event 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 





 



 
 
 

APPENDIX B 
HEC-RAS 4.1.0 Output Files 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 

HEC-RAS  Plan: Exist Cond   River: San Luis Rey   Reach: Gregory Cyn    Profile: Q10YR
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Gregory Cyn 6300    Q10YR 4000.00 307.98 311.24 311.24 312.06 0.015309 7.25 552.01 340.40 1.00
Gregory Cyn 5828.85 Q10YR 4000.00 304.00 309.42 307.04 309.52 0.000682 2.47 1616.48 483.80 0.24
Gregory Cyn 5600    Q10YR 4000.00 300.46 309.26 306.94 309.35 0.000735 2.38 1681.85 563.37 0.24
Gregory Cyn 5444.10 Q10YR 4000.00 297.01 309.17 304.38 309.26 0.000432 2.51 1744.56 386.44 0.20
Gregory Cyn 5300    Q10YR 4000.00 303.28 308.81 307.61 309.10 0.003414 4.31 928.29 402.87 0.50
Gregory Cyn 5200.00 Q10YR 4000.00 304.10 308.06 307.44 308.54 0.008199 6.22 785.34 431.68 0.76
Gregory Cyn 5058.99 Q10YR 4000.00 302.67 307.44 306.37 307.74 0.004536 4.56 925.77 404.11 0.56
Gregory Cyn 4900    Q10YR 4000.00 301.10 306.52 305.61 306.95 0.005908 5.27 758.94 364.96 0.64
Gregory Cyn 4800    Q10YR 4000.00 300.60 305.95 305.26 306.39 0.005480 5.31 752.88 339.65 0.63
Gregory Cyn 4692.14 Q10YR 4000.00 300.14 305.49 304.53 305.88 0.003900 5.00 800.00 308.36 0.55
Gregory Cyn 4600    Q10YR 4000.00 298.39 305.16 303.83 305.54 0.003378 4.94 817.95 294.45 0.51
Gregory Cyn 4500    Q10YR 4000.00 299.92 304.90 303.29 305.23 0.002646 4.59 871.10 283.97 0.46
Gregory Cyn 4400    Q10YR 4000.00 301.00 303.76 303.76 304.65 0.015037 7.54 530.32 303.23 1.01
Gregory Cyn 4300    Q10YR 4000.00 299.92 303.14 302.41 303.66 0.005567 5.82 687.79 276.07 0.65
Gregory Cyn 4190.93 Q10YR 4000.00 299.70 302.76 301.79 303.11 0.003781 4.71 848.87 349.34 0.53
Gregory Cyn 3748.97 Q10YR 4000.00 300.30 301.31 300.42 301.56 0.006288 2.61 1011.42 498.05 0.55
Gregory Cyn 3355.33 Q10YR 4000.00 294.87 300.82 297.48 300.91 0.000482 2.42 1655.84 398.00 0.21
Gregory Cyn 3155.34* Q10YR 4000.00 296.03 299.83 299.62 300.58 0.010810 6.95 575.29 290.64 0.87
Gregory Cyn 2876.16 Q10YR 4000.00 297.66 298.32 298.32 298.71 0.004304 1.32 801.44 210.06 0.41
Gregory Cyn 2585.52 Q10YR 4000.00 291.90 295.59 295.06 296.19 0.006501 6.19 646.19 264.81 0.70
Gregory Cyn 2212.77 Q10YR 4000.00 287.77 294.64 293.20 294.87 0.001935 3.90 1025.37 336.90 0.39
Gregory Cyn 1434.22 Q10YR 4000.00 287.70 292.87 291.06 293.24 0.002252 4.88 820.10 215.66 0.44
Gregory Cyn 500     Q10YR 4000.00 285.00 287.77 287.77 288.90 0.013643 8.56 467.30 205.65 1.00
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HEC-RAS  Plan: Exist Cond   River: San Luis Rey   Reach: Gregory Cyn    Profile: Q50YR
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Gregory Cyn 6300    Q50YR 18000.00 307.98 313.96 313.96 315.35 0.011161 9.54 1988.63 791.14 0.95
Gregory Cyn 5828.85 Q50YR 18000.00 304.00 313.34 309.59 313.66 0.001129 4.57 3936.33 683.19 0.34
Gregory Cyn 5600    Q50YR 18000.00 300.46 313.09 309.45 313.42 0.000966 4.63 3902.33 642.49 0.32
Gregory Cyn 5444.10 Q50YR 18000.00 297.01 312.69 309.06 313.20 0.001866 6.11 3373.27 623.61 0.43
Gregory Cyn 5300    Q50YR 18000.00 303.28 312.10 310.47 312.81 0.003210 6.73 2695.57 624.65 0.55
Gregory Cyn 5200.00 Q50YR 18000.00 304.10 311.29 310.27 312.30 0.006112 9.25 2466.64 638.71 0.75
Gregory Cyn 5058.99 Q50YR 18000.00 302.67 310.62 309.05 311.56 0.005420 8.82 2634.49 707.12 0.71
Gregory Cyn 4900    Q50YR 18000.00 301.10 310.09 308.63 310.86 0.003456 7.25 2728.90 736.10 0.57
Gregory Cyn 4800    Q50YR 18000.00 300.60 309.83 308.20 310.47 0.003608 6.45 2791.64 689.52 0.56
Gregory Cyn 4692.14 Q50YR 18000.00 300.14 309.14 307.72 310.05 0.003721 7.77 2499.63 608.38 0.60
Gregory Cyn 4600    Q50YR 18000.00 298.39 308.79 307.36 309.67 0.004300 7.66 2575.37 874.88 0.63
Gregory Cyn 4500    Q50YR 18000.00 299.92 307.89 307.04 309.11 0.006585 8.91 2049.68 521.10 0.77
Gregory Cyn 4400    Q50YR 18000.00 301.00 307.52 306.84 308.40 0.005606 7.92 2683.11 925.51 0.70
Gregory Cyn 4300    Q50YR 18000.00 299.92 306.63 305.86 307.77 0.006452 8.66 2191.42 647.36 0.76
Gregory Cyn 4190.93 Q50YR 18000.00 299.70 306.09 304.73 307.14 0.004733 8.34 2307.96 631.93 0.67
Gregory Cyn 3748.97 Q50YR 18000.00 300.30 305.43 302.73 305.77 0.002583 3.32 3916.34 954.93 0.42
Gregory Cyn 3355.33 Q50YR 18000.00 294.87 304.74 300.63 305.09 0.000901 5.02 4270.10 811.00 0.32
Gregory Cyn 3155.34* Q50YR 18000.00 296.03 303.78 302.59 304.70 0.004383 7.70 2415.28 702.51 0.64
Gregory Cyn 2876.16 Q50YR 18000.00 297.66 302.05 300.56 303.12 0.007694 4.16 2316.68 699.26 0.67
Gregory Cyn 2585.52 Q50YR 18000.00 291.90 300.43 298.44 301.62 0.003971 8.77 2097.68 483.45 0.63
Gregory Cyn 2212.77 Q50YR 18000.00 287.77 300.11 296.06 300.63 0.001304 5.88 3376.78 755.15 0.38
Gregory Cyn 1434.22 Q50YR 18000.00 287.70 298.08 295.21 299.14 0.002803 8.25 2181.00 306.50 0.55
Gregory Cyn 500     Q50YR 18000.00 285.00 292.32 292.32 294.39 0.011171 11.52 1562.24 378.28 1.00
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HEC-RAS  Plan: Plan 02   River: San Luis Rey   Reach: Gregory Cyn    Profile: Q100YR
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Gregory Cyn 6300    Q100YR 30000.00 307.98 315.94 315.20 317.05 0.005352 8.84 4024.54 1280.17 0.71
Gregory Cyn 5828.85 Q100YR 30000.00 304.00 315.30 311.26 315.77 0.001268 5.55 5579.55 1084.24 0.37
Gregory Cyn 5600    Q100YR 30000.00 300.46 314.94 310.71 315.49 0.001159 5.98 5286.68 963.44 0.36
Gregory Cyn 5444.10 Q100YR 30000.00 297.01 314.47 310.66 315.22 0.002320 7.45 4581.03 710.34 0.50
Gregory Cyn 5300    Q100YR 30000.00 303.28 313.73 311.82 314.76 0.003307 8.23 3806.74 753.56 0.58
Gregory Cyn 5200.00 Q100YR 30000.00 304.10 312.74 311.78 314.22 0.006561 11.40 3487.09 760.74 0.81
Gregory Cyn 5058.99 Q100YR 30000.00 302.67 312.15 311.11 313.42 0.005345 10.43 3769.24 771.51 0.73
Gregory Cyn 4900    Q100YR 30000.00 301.10 311.67 310.03 312.72 0.003511 8.66 4224.61 1099.45 0.60
Gregory Cyn 4800    Q100YR 30000.00 300.60 311.51 309.60 312.32 0.003045 7.33 4477.63 1182.60 0.55
Gregory Cyn 4692.14 Q100YR 30000.00 300.14 310.69 309.16 311.91 0.003789 9.31 4031.54 1124.06 0.63
Gregory Cyn 4600    Q100YR 30000.00 298.39 310.55 309.39 311.50 0.003352 8.31 4600.01 1251.27 0.59
Gregory Cyn 4500    Q100YR 30000.00 299.92 309.44 309.33 310.96 0.007747 10.11 3342.28 1128.85 0.84
Gregory Cyn 4400    Q100YR 30000.00 301.00 309.37 308.09 310.20 0.004024 7.96 4664.63 1210.01 0.62
Gregory Cyn 4300    Q100YR 30000.00 299.92 308.61 307.61 309.72 0.005046 8.78 3960.14 1146.29 0.69
Gregory Cyn 4190.93 Q100YR 30000.00 299.70 307.96 306.84 309.17 0.004925 9.12 3748.74 1011.53 0.69
Gregory Cyn 3748.97 Q100YR 30000.00 300.30 307.34 304.32 307.75 0.002326 4.96 5806.01 1047.91 0.45
Gregory Cyn 3355.33 Q100YR 30000.00 294.87 306.45 302.62 307.02 0.001144 6.45 5674.72 824.46 0.37
Gregory Cyn 3155.34* Q100YR 30000.00 296.03 305.30 304.19 306.55 0.004285 9.21 3676.34 899.61 0.66
Gregory Cyn 2876.16 Q100YR 30000.00 297.66 304.32 302.91 305.23 0.004588 6.22 4008.25 766.65 0.61
Gregory Cyn 2585.52 Q100YR 30000.00 291.90 303.17 300.98 304.27 0.002538 8.91 4347.32 993.19 0.54
Gregory Cyn 2212.77 Q100YR 30000.00 287.77 302.94 297.90 303.53 0.001057 6.48 5535.68 770.19 0.36
Gregory Cyn 1434.22 Q100YR 30000.00 287.70 300.44 297.57 302.04 0.003360 10.16 2951.85 347.57 0.61
Gregory Cyn 500     Q100YR 30000.00 285.00 294.03 294.03 296.88 0.010047 13.55 2214.67 387.93 1.00
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HEC-RAS  Plan: Plan 03   River: San Luis Rey   Reach: Gregory Cyn    Profile: Q500YR
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Gregory Cyn 6300    Q500YR 78000.00 307.98 320.78 318.16 321.81 0.002286 9.10 10945.05 1547.12 0.52
Gregory Cyn 5828.85 Q500YR 78000.00 304.00 320.17 315.30 320.96 0.001174 7.53 12631.31 1605.37 0.39
Gregory Cyn 5600    Q500YR 78000.00 300.46 319.58 315.05 320.66 0.001421 8.85 11165.75 1504.89 0.43
Gregory Cyn 5444.10 Q500YR 78000.00 297.01 318.48 315.60 320.27 0.003134 11.64 8044.34 1040.91 0.62
Gregory Cyn 5300    Q500YR 78000.00 303.28 318.07 316.36 319.77 0.003091 11.08 8856.05 1467.28 0.61
Gregory Cyn 5200.00 Q500YR 78000.00 304.10 317.29 315.95 319.33 0.004984 14.34 8704.96 1639.20 0.78
Gregory Cyn 5058.99 Q500YR 78000.00 302.67 314.68 314.68 318.31 0.010287 18.03 6023.95 1035.34 1.07
Gregory Cyn 4900    Q500YR 78000.00 301.10 315.32 314.12 316.96 0.003554 11.72 9553.57 1790.84 0.65
Gregory Cyn 4800    Q500YR 78000.00 300.60 315.21 313.25 316.54 0.002880 9.94 10039.89 1820.95 0.58
Gregory Cyn 4692.14 Q500YR 78000.00 300.14 313.63 313.24 316.03 0.005283 14.01 8044.82 1655.80 0.79
Gregory Cyn 4600    Q500YR 78000.00 298.39 313.69 312.56 315.40 0.004048 11.97 9474.44 1833.17 0.69
Gregory Cyn 4500    Q500YR 78000.00 299.92 313.44 312.09 314.92 0.004247 10.60 9303.38 1920.38 0.68
Gregory Cyn 4400    Q500YR 78000.00 301.00 313.50 311.25 314.41 0.002700 8.78 11853.45 2263.48 0.55
Gregory Cyn 4300    Q500YR 78000.00 299.92 313.17 311.24 314.15 0.002479 8.94 11800.46 2206.00 0.53
Gregory Cyn 4190.93 Q500YR 78000.00 299.70 312.64 310.74 313.84 0.002594 10.05 11587.71 2289.14 0.56
Gregory Cyn 3748.97 Q500YR 78000.00 300.30 312.27 307.37 312.84 0.001631 7.17 14206.88 2114.31 0.43
Gregory Cyn 3355.33 Q500YR 78000.00 294.87 310.31 306.73 311.94 0.002244 11.32 10338.98 1832.36 0.54
Gregory Cyn 3155.34* Q500YR 78000.00 296.03 308.71 308.01 311.20 0.005173 13.64 7502.97 1634.88 0.78
Gregory Cyn 2876.16 Q500YR 78000.00 297.66 309.12 305.41 309.74 0.002281 7.12 13192.88 2168.06 0.49
Gregory Cyn 2585.52 Q500YR 78000.00 291.90 306.69 306.03 308.77 0.003703 13.32 8928.82 2090.92 0.68
Gregory Cyn 2212.77 Q500YR 78000.00 287.77 304.93 303.20 307.35 0.003598 13.36 7081.62 1654.85 0.67
Gregory Cyn 1434.22 Q500YR 78000.00 287.70 304.28 304.28 305.09 0.001900 8.89 12187.79 1436.41 0.48
Gregory Cyn 500     Q500YR 78000.00 285.00 298.00 298.00 300.30 0.005546 14.22 8410.36 1659.24 0.81
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APPENDIX C 

The best-fit Cross Sections Map 
To locate FEMA’s cross section  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 





 



 
 
 
 
 

APPENDIX D 
Data Source from FEMA Library  

(HEC-2 Calculation and The best-fit Cross Sections Map) 
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GLOSSARY OF TERMS 
 
Aggradation: A rise in channel bed elevation, usually caused by sediment deposition. 
 
Alluvial: Relating to, composed of, or found in alluvium 
 
Bank protection:  A structure placed on a river bank to protect the bank against erosion. Such 
structures are usually made of riprap stones, revetments, dikes, etc. 
 
Bed load:  That part of the sediment load that travels in contact with the bed by rolling, sliding 
and saltation. It is also the coarser portion of the sediment load. 
 
Channel reach:  Any stretch of the channel. 
 
Channelization:  To make a channel. 
 
Cross sections:  Channel sections that are perpendicular to the flow direction that are used to 
define the river channel geometry for a river study. 
 
Degradation:  A lowering of the channel-bed elevation usually caused by erosion. 
 
Drainage basin:  A surface area from which rainfall drains toward a single point.   
 
Drop structure:  A rigid structure erected across a river channel through which there is a drop in 
channel-bed elevation. 
 
Erodible boundary model:  A model that considers the changes in channel boundary, including 
channel-bed scour and fill, changes in channel width and changes related to channel curvature. 
 
Erodible bed model:  A model that only considers the changes in channel-bed level by 
assuming that channel width does not change. 
 
Field calibration:  The correlation of modeling results using field data.  It usually involves fine 
adjustments of certain parameters used in modeling to improve the correlation. 
 
Flood hydrograph:  A relationship showing how the flood discharge varies with time during its 
occurrence. 
 
Fluvial processes:  Processes that are caused by stream action, including sediment transport, 
flood flow, erosion, deposition, and river channel changes. 
 
Grade control structure:  A rigid structure constructed across a river channel used to stabilize 
the bed elevation at the location.  A drop structure is also a grade control structure. 
 
Head cutting:  Channel-bed erosion occurring upstream of a sand or gravel pit or any other 
depression. 
Model: For this study, a model is a computer software developed to simulate the hydraulics of 
flow, sediment transport and river channel changes. 
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Pit capture:   A stream is diverted from its normal course into a pit of lower elevation 
 
Scour (general and local):  Erosion or removal of material caused by stream action.  General 
scour is caused by the imbalance (non-uniformity) in sediment transport along a river channel.  
Local scour is caused by any local obstruction to flow, such as bridge piers, abutments, tree 
trunks, etc. 
 
Sediment delivery: The cumulative amount of sediment that is delivered passing a river section 
in a specified period of time.  
 
Sediment transport/replenishment:  Sediment transport is the movement of sediment by flow 
measured usually in volume or weight per unit time.  Replenishment is sediment supply to make 
up any previous deficit. 
 
Study channel reach:  A river channel reach that is covered in a study.  Such a reach is defined 
by a series of cross sections taken along the channel. 
 
Suspended load:  Sediment load that travels in suspension, consisting of the finer portion of the 
transported sediment. 
 
Tractive force:  The force exerted by the flow on the channel boundary or on any object in the 
river channel, usually measured in force per unit surface area. 
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EXECUTIVE SUMMARY 
 
 This report was prepared for Gregory Canyon LTD for a fluvial study of the San Luis 
Rey in San Diego County.  A road and bridge that cross the river at Gregory Canyon together 
with wetland creation in the vicinity have been proposed.  The proposed bridge crossing is 
located at about 500 feet downstream of the First San Diego Aqueduct.  The purposes of this 
study were: (1) to provide information on general scour and local scour for bridge design, and (2) 
to evaluate the impacts of the proposed road, bridge and wetland on the First San Diego 
Aqueduct as well as the San Luis Rey River. In this study, general scour was simulated by 
mathematical modeling of the 6-mile study reach using the FLUVIAL-12 model. All major 
causes for scour, including hydraulic structures and sand and gravel mining in the river channel, 
were considered.    
 
 Mining Sites - General scour is affected by sand and gravel mining in the river channel. 
Major sand and gravel pits created by mining along the study reach include those of 
Padre/Pankey, J. W. Sand and Materials, and Fenton/Hanson Materials.  At this time, mining 
operations by these parties have ceased.   The sand and gravel pits created by these parties have 
been partially refilled during floods.  At the Fenton/Hanson site, the deep excavation area in the 
floodplain is surrounded by levees to separate the area from the river channel. The high levee on 
the upstream side of the deep excavation is designed for the probable maximum flood but the 
low levee on the downstream side is designed for the 10-yr flood.  Floods that are greater than 
the 10-yr flood will still flow into the deep excavation area by overtopping the low levee.  Under 
the conditions as they exist today, the low flow channel of the river flows directly into these pits; 
therefore, it is not necessary for a flood to allow flow into these pits. In addition, a new 
excavation on the downstream side of the low levee is in the river channel and this pit will 
therefore trap bed sediment during future floods.  The new excavation has an estimated depth of 
30 feet.   
 
 Scope of Mathematical Modeling ─ The scope of mathematical modeling was devised 
to cover two flood conditions, the possibility of pit capture, and the respective cases before and 
after the Gregory Canyon Bridge/Road project.  The flood conditions include: (1) the 100-yr 
flood and (2) the flood series that may be expected in a 100-yr time span.  Short term changes 
were computed using the 100-yr flood.  Long term impacts were simulated using the flood series 
that can be expected in a 100-yr time span.  The low levee at the Fenton/Hanson site will be 
overtopped by floods greater than the 10-yr flood.  Overtopping may result in pit capture.  Two 
scenarios: pit capture and no pit capture were included in the study.  For the pit capture scenario, 
it was also assumed that bed sediment would enter the deep excavation at the Fenton/Hanson 
site, and sediment supply to the downstream channel would thus be cut off. 
 
 Simulation of Sediment Delivery ─ Sediment delivery is defined as the cumulative 
amount of sediment that has been delivered passing a certain channel section for a specified 
period of time.  The spatial variation of sediment delivery depicts the erosion and deposition 
along a stream reach.  Without pit capture, the simulated spatial variations in sediment delivery 
depict sediment deposition at the smaller Fenton/Hanson pit and erosion along the stream reach 
downstream of this pit.  With pit capture, the spatial variations in sediment delivery indicate 
continued erosion along the channel reach downstream of the site.  The spatial variations in 
sediment delivery for the cases before and after the bridge/wetland project are closely similar in 
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pattern; their differences are insignificant.  This indicates that the proposed Gregory Canyon 
Bridge/wetland project has insignificant effects on sediment delivery through the river channel. 
 
 Changes in Longitudinal Channel-Bed Profiles ─ Changes in longitudinal channel-bed 
profiles were simulated for all case scenarios.  Such changes are generally characterized by refill 
of the sand and gravel pits and channel-bed degradation outside the pits.  Without pit capture, the 
existing channel-bed profile has a 30-foot depression, representing the existing Fenton/Hanson 
pit outside the levees.   This pit is simulated to be refilled by the 100-yr flood or the flood series. 
 
 The results based on the 100-yr flood show that changes in bed elevation at the bridge 
and aqueduct crossings are limited.  The results also show that the channel bed near the bridge 
and aqueduct crossings undergoes greater scour during the flood series. For the case with pit 
capture, the results show general channel-bed degradation covering a long river reach.  This 
degradation is substantial and it is primarily related to the cut-off of sediment supply due to pit 
capture. 
 
 Changes in longitudinal channel-bed profiles are presented for the cases before and after 
the bridge/wetland project; their differences are insignificant.   It may therefore be concluded 
that the proposed bridge/wetland project will have insignificant effects on the changes in 
longitudinal channel-bed profile. 
 
 Bridge Crossing and Wetland Creation ─ The proposed Gregory Canyon Bridge is 
located near river mile 20.9.  A wetland will be created near the bridge crossing. The bridge and 
wetland locations are shown in the figures below.  According to the preliminary plan, the bridge 
has a span of 681 feet and a deck width of 36 feet. The First San Diego County Aqueduct in the 
upstream vicinity of the proposed Gregory Canyon Bridge.  Modeling runs were made using the 
proposed bridge and wetland plan.  The modeling results show that the proposed bridge and 
wetland will have insignificant effects on potential channel bed scour at the aqueduct crossing.   

 
 Potential Scour at Aqueduct Crossing and Evaluation of Pipeline Stability ─ Cross-
sectional changes at the aqueduct crossing were simulated for all case scenarios.  The results 
show that the patterns of change for the respective cases before and after the bridge/wetland 
project are closely similar and their differences are insignificant.  It may therefore be concluded 
that the proposed bridge/wetland project will have insignificant effects on the changes in cross-
sectional profile at the aqueduct crossing.   
 
 Pipelines buried under a stream bed must always stay beneath the ground cover.  If any 
segment of a pipeline is subject to exposure by potential stream bed scour, it is considered 
inadequate since a buried pipeline is usually not designed to support itself.   Stream bed scour 
consists of general scour and local scour.  The depths of general scour were simulated in 
mathematical modeling.  Local scour may be caused by any local obstruction to flow, such as 
tree trunks, pipelines, manholes, pier supports, and abutments, etc.  If a pipeline is exposed, then 
the pipeline itself becomes an obstruction to flow.  Turbulence so created will usually result in 
additional local scour around the pipeline.  In view of this local scour factor, the minimum 
ground cover of 6 feet below general scour is considered essential for the stability of a buried 
pipeline. 
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The simulated results show that general scour alone will not reach the pipelines during the next 
100-yr flood but it will reach the pipelines during the flood series.  The maximum general scour 
during the 100-yr flood will reach bed elevation that is about 6 feet above the pipelines.  In 
consideration of the total scour (general scour plus the local scour), it may be concluded that the 
pipelines are subject to exposure by potential scour under the current physical conditions of the 
San Luis Rey River before the bridge/wetland project.   The bridge and wetland project will 
not change the scour potential for the aqueduct.   
 
 Recommendations for Gregory Canyon Bridge Design ─ The bridge footings should 
be designed to safeguard against potential scour, which consists of general scour and local scour.  
General scour is provided by the FLUVIAL-12 simulation.  Local scour may be caused by local 
obstructions to flow at the abutments and piers/bents.  As a conservative measure, the simulated 
general scour for the case of flood series and pit capture is recommended for bridge design.  
The maximum general scour is predicted to reach the minimum bed elevation of 294 feet at the 
bridge crossing.  The following table lists the computed local scour depths for several pier 
diameters (or thicknesses).  
 
 

Computed local scour depths at bridge piers/bents 
 

Pier diameter or 
thickness 

Feet 

Local scour depth 
feet 

1.0 3.4 

1.5 4.4 

2.0 5.3 

2.5 6.1 

3.0 6.9 

3.5 7.6 

4.0 8.3 

4.5 9.0 

5.0 9.7 

6.0 10.9 

7.0 12.0 

8.0 13.1 

9.0 14.1 

10.0 15.1 

12.0 17.0 
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 The maximum total scour at the bridge piers is the general scour plus the local scour.  If 
pile caps are used, they should be located below the elevation of total scour.   
 
 Local Scour at Abutments - Local scour occurs around embankment and abutments 
because of the obstruction to flow caused by such structures. The toe entrenchment should 
extend beyond the scour depth.  Under the present state of art, there is no reliable method for 
computing the depth of abutment scour.   It is generally recognized that the depth of abutment 
scour is directly related to the ratio of channel width to bridge opening width.  On this basis of 
this understanding, the recommended toe elevation for bank protection is 288 feet. 
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Fluvial Study and Bridge Scour Analysis 
for the Proposed Gregory Canyon Bridge on the San Luis Rey River 

 
I. INTRODUCTION 
 
 This report was prepared for GCL Corporation for a fluvial study of the San Luis Rey 
(see Figures 1 and 2) in San Diego County.  A road and bridge that cross the river at Gregory 
Canyon have been planned; the alignment is at river mile 20.9 shown in Figure 2.  The section 
numbers are in river miles from the river mouth.  The road and bridge crossing is at a short 
distance downstream of the First San Diego Aqueduct.   
 
 A stream is the author of its own geometry.  In the long term, the characteristics of a 
stream as described by its width, depth, slope, meandering pattern, etc. are delicately adjusted to 
provide a balance between its ability to transport and the water and sediment loads supplied from 
the watershed.  The San Luis Rey River is a disturbed stream, primarily due to the dams and 
reservoirs, and sand and gravel mining.  Mining activities have created several major pits in the 
stream bed.  Because of these human activities, the natural equilibrium of the stream channel has 
been altered.  This stream is expected to undergo changes during future floods. The purposes of 
this study were:  

• to provide information on general scour and local scour for the bridge design, and  
• to evaluate the impacts of the proposed road and bridge on the First San Diego Aqueduct 

as well as the San Luis Rey River. 
All major causes for scour, including hydraulic structures and sand and gravel mining in the river 
channel, were considered. 
 
II. DRAINAGE BASIN AND CHANNEL CHARACTERISTICS 
 
 The San Luis Rey River has its origin on Bucksnort Mountain in the Anza-Borrego 
Desert Park at the elevation of about 5,500 feet.  Mean annual precipitation ranges from 11 to 30 
inches, increasing landward to higher elevations.  Vegetation is dominated by chaparral, with 
some coastal sage brush and oak woodland. The river reach used in this study is from river mile 
17.758, just above Interstate 15, to river mile 22.371 at Pala, with a total length of about 6 miles.   
Figure 1 shows the USGS maps of the San Luis Rey River for the river reach.  The river miles 
(measured from the river mouth) along the channel reach are designated on the maps.  Figure 2 
shows the Google images of the sturdy river reach. The proposed Gregory Canyon Bridge 
crossing is marked in blue in Figure 2.    
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Figure 1. USGS maps of the San Luis Rey River with designated river miles and mining sites 
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Figure 1 (continued). USGS maps of the San Luis Rey River 
with designated river miles and mining sites 



 
 

11

 
 

Figure 2. Google images of the San Luis Rey River. The proposed Gregory Canyon Bridge 
crossing is marked in blue. 

 
 Sand and Gravel Mining in the San Luis Rey River - Major sand and gravel pits 
created by mining along the study reach include those of Padre/Pankey, J. W. Sand and 
Materials, Fenton/Hanson Materials.   Their respective locations in river miles are given below: 
 Padre/Pankey mining:  River mile 17.7 to river mile18.2  
 J.W. mining:   River mile 18.8 to river mile 19.6 
 Fenton/Hanson mining: River mile 21.4 to river mile 22.1 
At this time, mining operations by Padre/Pankey and J.W. have ceased.    The sand and gravel 
pits created by these parties have been partially refilled during floods. 
 
 The sand pit in the floodplain was created by previous mining activities by Hanson 
Material Company and H.G. Fenton material Company. This pit shall be referred to as the 
Fenton/Hanson pit. This mining site has stopped operation. The original Fenton mining plan in 
the San Luis Rey River and its modifications were prepared by Rick Engineering.  The modified 
plan as shown in Figure 1 includes a bypass channel through the southeastern portion of the 
floodplain.  Recent pictures of the mining site are shown in Figures 3 and 4. This bypass channel 
is separated from the deep excavation site by a levee.   The original levee was designed to 
surround the entire deep excavation site as a protection for the probable maximum flood. 
Because of environmental problems, the original levee design was later modified.  Under the 
modified plan, the upstream portion of the levee has been constructed to the original standard, 
but the downstream portion of the levee has been reduced in height.  The reduced levee will 
prevent the 10-yr flood from entering the excavation site but those greater than the 10-yr flood 
will overtop the reduced levee.  The original levee on the upstream side shall be referred to as the 
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high levee and the reduced levee shall be referred to as the low levee, respectively.  Under the 
conditions as they exist today on the ground, the low flow channel of the river flows directly into 
these pits; therefore, it is not necessary for a flood to allow flow into these pits.  In addition to 
levee modification, there is a new excavation on the downstream side of the reduced levee as 
shown in Figure 1.  The new excavation site is not separated from the river channel and it will 
therefore trap bed sediment during future flood events.  The new excavation has an estimated 
depth of 30 feet.   
 

 
Figure 3. Fenton/Hanson mining site viewed toward the downstream direction 

 

 
Figure 4. Fenton/Hanson mining site viewed toward north/northeast 
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 Existing Dip Crossing in Channel ─ There exists a dip crossing in the river channel 
located about ¾ mile downstream of the proposed bridge. The dip crossing is not a prominent 
land feature and it is not protected against erosion.  The dip crossing can be easily washed out 
during storms. Removal of the dip crossing should not impact the bridge crossing or the aqueduct 
crossing.   
  
 Cross-Sectional Data ─ The study river reach for the San Luis Rey River is defined by a 
series of cross sections along the channel.  The 1992 survey was sponsored by the San Diego 
County Water Authority; a set of channel cross sections were created using the survey data. A 
more recent set of cross-sectional data was created based on the 2009 survey by BAS/TT 
Corporation.  The channel reach east of Gregory Canyon covered in the survey from Tetra-Tech 
is shown in Figure 5a, which also shows the channel cross section locations. The downstream 
channel cross section designed as section 19 is located at river mile 20.076; the upstream channel 
cross section designed as section 56 is located at river mile 21.082.  A summary of the cross 
sections and their locations in river miles are listed in Table 1 below.  The channel data are based 
on the latest survey where possible. The 2011 topographic survey by EXCEL and the set of cross 
sections are shown in Figure 5b.  These cross sections are numbered from 1434.2 to 6300 in 
Table 1.  The proposed Gregory Canyon Bridge is located at river mile 20.9. The First San Diego 
County Aqueduct crossing is located at section 5300 (river mile 21.025). 
 

Table 1.  River stations in numbers and in river miles 
    Cross        River     River 
    Section     Miles          Section     

1  17.758   
2  17.8622  
3  17.9635  
4  18.08   
5  18.1841  
6  18.2959  
7  18.3678  
8  18.4652  
9  18.5684  
10  18.6625  
11  18.7629  
12  18.9021  
13  19.0413  
14  19.1786  
15  19.3112  
16  19.3832  
17  19.4381  
18  19.548   
19  19.5641  
20  19.6966  
21  19.8084  
22  19.9125  
23  20.0385  
24  20.0764 19.6 
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25  20.0995 20 
26  20.1387 21 
27  20.1945 22 
28  20.2447 23 
29  20.2944 1434.2 
30  20.4417 2212.8 
31  20.5122 2585.5 
32  20.5671 2876.2 
33  20.6199 3155.3 
34  20.6578 3355.3 
35  20.7322 3749 
36  20.8158 4190.9 
37  20.8364 4300 
38  20.8553 4400 
39  20.8743 4500 
40  20.8932 4600 
41  20.9106 4692.1 
42  20.9309 4800 
43  20.9499 4900 
44  20.9798 5059 
45  21.0065 5200 
46  21.0254 5300 
47  21.0527 5444.1 
48  21.0821 5600 
49  21.1252 5828.9 
50  21.2144 6300 
51  21.2334 51 
52  21.2593 52 
53  21.2936 53 
54  21.3201 54 
55  21.3453 55 
56  21.3773 56 
57  21.4133  
58  21.4512  
 



 
 

15

 
 

Figure 5a. Channel sections east of Gregory Canyon 
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Figure 5b. HEC-RAS work map by EXCEL Engineering 



17 
 

17

 In the following, river channel characteristics including bed sediment and flood 
hydrographs are described.   
 
 Sediment Characteristics in the River Channel ─ The bed material in the study reach 
is a mixture of sand and gravel, with an insignificant amount of silt or other finer materials.  
Sediment samples were collected along the stream channel.   The bed material along the river 
reach is fairly uniform with little changes along the 6 mile length.  The dominant material is 
median sand which is highly transportable during floods. Vertical distributions of the alluvium 
were also obtained by the San Diego County Water Authority from previous boring tests.  The 
sand layer in the river bed was found to extend well beyond the depth of the First San Diego 
Aqueduct.   The predominant material on adjacent hillsides is decomposed granite.  The 
California Division of Mines and Geology (1982) has studied the material under the river bed of 
the San Luis Rey River.  The thickness of alluvium, predominantly sand and gravel, in the river 
bed extends well beyond the pipelines.  The existence of a thick alluvium underlying the river 
bed is also confirmed by sand mining along the study reach.  Many of the sand pits reached 
depths in excess of 50 feet.  Good quality sand has been excavated from these deep pits.  
Therefore, it may be concluded that the river bed is erodible along the study reach including the 
aqueduct crossing.  
 
 Flood Hydrographs ─ Hydrographs for 100-yr floods along the study reach are shown 
in Figure 6.  These hydrological information and those for the 10-yr floods are obtained from a 
study by the County of San Diego (1974).  A typical flood has relatively short duration with 
discharge rising and falling rapidly, as is characteristic of semi-arid areas.  Sediment delivery 
rates in the river closely follow the flow pattern since water is the agent for sediment transport. 
Studies of flood frequencies have also been made by the California Department of Water 
Resources and the Corps of Engineers.  Their 100-yr flood magnitudes are generally similar to 
those obtained by the County.  The County floods were used in the original flood plain mapping 
and they are used herein for Fluvial simulation.  The peak discharges in cubic feet per second for 
various flood frequencies at several locations are tabulated below: 
 
 Location                             Q100        Q50        Q25      Q10 
 
Pumping station near Pala  27,800  16,000   8,800  3,300 
Monserate Narrows   30,800  17,500   9,500  3,480 
Upstream of Keys Canyon  33,781  19,500  10,500  3,891 
 
 The 100-yr and 10-yr floods in the above table are from the County report.  From the 
100-yr and 10-yr discharges, other discharges, such as the 25-yr and 50-yr discharges, may be 
obtained by a statistical analysis.  For this purpose, the flood peaks are assumed to follow the 
log-probability distribution and then all the discharges at a concentration point are plotted on the 
same straight line. The 25- and 50-yr floods thus obtained are included in the above table. 
 



18 
 

18

Hydrographs of the 100-yr Flood 
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Figure 6. Hydrographs of the 100-yr flood 

 
 In this study, the 100-yr flood was used together with a flood series representative of the 
long-term flood flow.  In the future, one should expect various flood events.  In the time span of 
100 years, one may expect statistically one flood event exceeding the 100-year flood, two events 
exceeding the 50-year flood, four events exceeding the 25-year flood, ten events exceeding the 
10-yr flood, etc.  For this river reach, most of the sediment transport occurs during major floods.  
Those events less than the 10-yr flood have very limited discharge and hence transport capacity; 
therefore, only those events equal to or greater than the 10-yr flood are included in the flood 
series for simulation.  The series of flood events occur randomly.  The sequence of occurrence of 
these floods is beyond human prediction, but the particular order of flood events does not affect 
the results pertaining to the long-term sediment delivery.  It was assumed in this study that the 
occurrence follows the following order: 10-yr flood, 30-yr flood, 20-yr flood, 40-yr flood, 15-yr 
flood, 100-yr flood, 20-yr flood, 15-yr flood, 70-yr flood, and 10-yr flood.  This sequence of 
flood events as shown in Figure 7 is employed to represent the long-term flood flow.  
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Hydrographs of the Flood Series 
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Figure 7. Hydrographs of the flood series 

 
III. GENERAL SCOUR AND LOCAL SCOUR 
 
 Stream channel scour consists of general scour and local scour.  General scour is related 
to the sediment supplied to and transported out of a channel reach, and local scour is due to any 
local obstruction to flow, such as by tree trunks, bedform, pipelines, pier supports and abutments. 
To determine the general scour, it is necessary to consider the sediment supply to the channel 
reach and sediment removal out of the reach.  Sediment delivery in the river channel is related to 
the flood hydrograph, channel geometry, and sediment characteristics, etc.  Instream gravel 
mining and hydraulic structures alter the channel-bed configuration and therefore affect sediment 
delivery and erosion pattern.  To account for these factors, it will require mathematical modeling 
of the hydraulics of stream flow, sediment transport and stream channel changes.  To incorporate 
the effects of channel geometry, channel alterations, and hydraulic structures, the study reach of 
the stream channel as shown in Figure 1 covers a channel length of about 6 miles. 
In this study, general scour was simulated by mathematical modeling of the study reach, 
reflecting sediment transport and channel geometry.  The general scour so obtained includes the 
following effects. 

• Imbalance in sediment transport related to channel geometry, levees, bridges, road 
crossings, etc. and 

• Contraction scour - Contraction scour occurs at channel contractions, such as narrow 
sections, bridge openings, channelized reaches, etc. 
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IV. MATHEMATICAL MODELING USING FLUVIAL-12 
 
 The computer model FLUVIAL-12 (Chang, 1988) has been formulated and developed 
since 1972 for water and sediment routing in natural and man-made channels. The combined 
effects of flow hydraulics, sediment transport and river channel changes are simulated for a 
given period of flow.  While this model is for erodible channels, physical constraints, such as 
bank protection, grade-control structures and bedrock outcroppings may also be specified.  
Applications of this model include evaluations of general scour at bridge crossings, sediment 
delivery, channels responses to aggregate mining, channelization, and other factors. 
 
 Field Calibration of the Model ─ The FLUVIAL model has been calibrated with field 
data from several rivers in this area, including the San Diego River (Chang, 1982), the San 
Dieguito River (Chang, 1984), the San Lorenzo River (Chang, 1985), and San Juan Creek 
(Chang, 1987).  The documentation for these calibration studies may be found in the literature.  
In addition, this model is also calibrated using data from the San Luis Rey River (Chang, 1990) 
 
 Scope of Mathematical Modeling ─ The computer simulation study for general scour 
was made for the two following flood conditions: (1) the 100-yr flood and (2) the flood series 
that may be expected in a 100-yr time span.  The short term changes were computed using the 
100-yr flood.  The long term impacts were simulated using the flood series that can be expected 
in a 100-yr time span.   
 
 Pit Capture ─ The physical conditions at the Fenton/Hanson mining site were analyzed.  
The high levee was assumed to provide protection for the probable maximum flood, but there 
still exists the possibility that the low levee may be overtopped by floodwater to result in pit 
capture.  For the sake of scour evaluation for the bridge and the aqueduct, the following 
scenarios were considered:  
 
Scenario 1:  Pit capture at the deep excavation site:   It was assumed for this scenario that 
floodwater would overtop the low levee at the Fenton site.   Since the overtopping flow has a 
very high velocity at the levee crest, it was assumed that it would result in levee breach.   As a 
conservative measure, it was also assumed that bed sediment would enter the deep excavation, 
and sediment supply to the downstream channel would thus be cut off as a result of pit capture. 
 
Scenario 2.  No pit capture.   It was assumed for this scenario that floodwater would not carry 
bed sediment into the deep excavation.  However, the new excavation outside the levee would 
still trap bed sediment.  Sediment trapping in the new excavation is not considered as pit capture.  
 
 The scope of mathematical modeling that was devised to cover the flood conditions 
together with the possibility of pit capture consisted of eight cases.  Among them, the first four 
cases as listed below were based on the assumption that pit capture would not occur at the 
Fenton/Hanson site although sediment would still be trapped in the smaller pit outside the levees.   
  
Case 1.   River channel changes before the bridge/wetland project based on the 100-yr flood  
Case 2.   River channel changes after the bridge/wetland project based on the 100-yr flood  
Case 3.   River channel changes before the bridge/wetland project based on the flood series  
Case 4.   River channel changes after the bridge/wetland project based on the flood series. 
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The second four cases as listed below were based on the assumption that pit capture would occur 
at the Fenton/Hanson site to result in the cutoff of sediment supply. 
Case 5.   River channel changes before the bridge/wetland project based on the 100-yr flood  
Case 6.   River channel changes after the bridge/wetland project based on the 100-yr flood  
Case 7.   River channel changes before the bridge/wetland project based on the flood series  
Case 8.   River channel changes after the bridge/wetland project based on the flood series. 
 
 
V. RESULTS OF MODELING STUDY 
 
 Input/output parameters for the FLUVIAL-12 model are explained in Appendix A. 
Input/output listings for all other cases are attached to the report. The results of modeling study 
are described below. 
 
 Simulation of Sediment Delivery ─ Sediment delivery is defined as the cumulative 
amount of sediment that has been delivered passing a certain channel section for a specified 
period of time, that is,  
 
   ⌠ 
        Y = ⎮   Qs dt               (1) 
    ⌡ T 
 
where Y is sediment delivery (yield); Qs is sediment discharge; t is time; and T is the duration.  
The sediment discharge Qs pertains only to bed-material load of sand, gravel and cobble.  Fine 
sediment of clay and silt constitute the wash load may not be computed by a sediment transport 
formula.  Sediment delivery is widely employed by hydrologists for watershed management; it is 
used herein to keep track of sediment supply and removal along the channel reach. 
 
 Spatial variations in sediment delivery are manifested as channel storage or depletion of 
sediment associated stream channel changes since the sediment supply from upstream may be 
different from the removal.  The spatial variation of sediment delivery depicts the erosion and 
deposition along a stream reach.  A decreasing delivery in the downstream direction, i.e. negative 
gradient for the delivery-distance curve, signifies that sediment load is partially stored in the 
channel to result in a net deposition.  On the other hand, an increasing delivery in the 
downstream direction (positive gradient for the delivery-distance curve) indicates sediment 
removal from the channel boundary or net scour.  A uniform sediment delivery along the channel 
(horizontal curve) indicates sediment balance, i.e., zero storage or depletion.  Channel reaches 
with net sediment storage or depletion may be designated in each figure on the basis of the 
gradient. From the engineering viewpoint, it is best to achieve a uniform delivery, the non-silt 
and non-scour condition, for dynamic equilibrium. 
 
 Spatial variations in sediment delivery as shown in Figures 8 through 15 indicate the 
potential for net erosion and deposition along the stream reach.  The following general trends are 
depicted for the river reach near the bridge and aqueduct crossings: 
  
(1)  For Cases 1, 2, 3, and 4, the spatial variations in sediment delivery are shown in Figures 8, 9, 
10, and 11, respectively.  These cases are under the assumption of no pit capture at the 
Fenton/Hanson site but river sediment will still be trapped in the smaller pit outside the 
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Fenton/Hanson levees.  These spatial variations in sediment delivery depict sediment deposition 
at the smaller Fenton/Hanson pit and erosion along the stream reach downstream of this pit. 
 
(2)  Cases 1 and 2 are based on the 100-yr flood.  Total deliveries of sediment for these cases 
through the Fenton/Hanson pit have a finite value at the end of the flood.  This indicates that the 
pit will be refilled to allow the passage of bed sediment through the pit.   The spatial variations in 
sediment delivery for Cases 1 and 2 are closely similar in pattern; their differences are 
insignificant.  This indicates that the proposed Gregory Canyon Bridge/wetland project has 
insignificant effects on sediment delivery through the river channel based on the 100-yr flood. 
 
(3)  Cases 3 and 4 are based on the flood series.   Spatial variations in sediment delivery for 
Cases 3 and 4 are closely similar in pattern; their differences are insignificant.  This indicates 
that the proposed Gregory Canyon Bridge/wetland project has insignificant effects on sediment 
delivery through the river channel based on the flood series. 
 
(4)  For Cases 5, 6, 7, and 8, the spatial variations in sediment delivery are shown in Figures 12, 
13, 14, and 15, respectively.  These cases are under the assumption of pit capture at the Fenton 
site.  Since the Fenton pit inside the levees has a very large storage volume, it would cut off bed 
sediment supply to the downstream river reach.  These spatial variations in sediment delivery 
depict total sediment cutoff at  the Fenton site and erosion along the stream reach downstream of 
this pit. 
 
(5) Spatial variations in sediment delivery for Cases 5 and 6 are closely similar in pattern; their 
differences are insignificant.  This indicates that the proposed Gregory Canyon Bridge/wetland 
project has insignificant effects on sediment delivery in the river channel based on the 100-yr 
flood. 
 
(6)  Spatial variations in sediment delivery for Cases 7 and 8 are closely similar in pattern; their 
differences are insignificant.  This indicates that the proposed Gregory Canyon Bridge/wetland 
project has insignificant effects on sediment delivery in the river channel based on the flood 
series. 
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Spatial Variations of Sediment Delivery during 100-yr Flood 
Existing Conditions without Pit Capture
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Figure 8. Spatial variations of sediment delivery during 100-yr flood 

for existing conditions without pit capture 
 

Spatial Variations of Sediment Delivery during 100-yr Flood 
Proposed Conditions without Pit Capture
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Figure 9. Spatial variations of sediment delivery during 100-yr flood 

for proposed conditions without pit capture 
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Spatial Variations of Sediment Delivery during Flood Series 
Existing Conditions without Pit Capture
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Figure 10. Spatial variations of sediment delivery during flood series 

for existing conditions without pit capture 
 

Spatial Variations of Sediment Delivery during Flood Series 
Proposed Conditions without Pit Capture

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
2.2
2.4
2.6
2.8

3

18.6 18.8 19 19.2 19.4 19.6 19.8 20 20.2 20.4 20.6 20.8 21 21.2 21.4 21.6 21.8
Channel station, river miles

Se
di

m
en

t d
el

iv
er

y,
 m

ill
io

n 
to

ns
  

At peak flow At end of flood
<<<Flow toward left<<<

A
queduct xing 

 I-Erosion-I---Deposition---I-------------------------- Erosion-----------------------------I----Depo-------I 

Mining site

M
ining pit

B
ridge xing

 
Figure 11. Spatial variations of sediment delivery during flood series 

for proposed conditions without pit capture 
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Spatial Variations of Sediment Delivery during 100-yr Flood 
Existing Conditions with Pit Capture
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Figure 12. Spatial variations of sediment delivery during 100-yr flood 

for existing conditions with pit capture 
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Figure 13. Spatial variations of sediment delivery during 100-yr flood 

for proposed conditions with pit capture 



 
 

26

Spatial Variations of Sediment Delivery during Flood Series 
Existing Conditions with Pit Capture
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Figure 14. Spatial variations of sediment delivery during flood series 

for existing conditions without pit capture 
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Figure 15. Spatial variations of sediment delivery during flood series  

for proposed conditions without pit capture 
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 Changes in Longitudinal Channel Bed Profiles ─ Changes in longitudinal channel-bed 
profiles are shown in Figures 16 through 23. The depression in channel bed from Section 21.48 
to Section 21.60 in the figures is the Fenton/Hanson sand and gravel pit located outside the 
levees.  The longitudinal channel-bed profiles are used to depict the channel-bed changes along 
the river reach near the bridge and aqueduct crossings.  Such changes are generally characterized 
by refill of the sand and gravel pits and channel-bed degradation outside the pits.  The 
Fenton/Hanson pit outside the levees is simulated to be refilled by the 100-yr flood or the flood 
series. 
 
 The changes in longitudinal channel-bed profiles are presented for the cases before and 
after the bridge/wetland project.  Figures 16 and 17 are for the respective cases before and after 
the bridge/wetland project for the 100-yr flood without pit capture.  Figures 18 and 19 are for the 
respective cases before and after the bridge/wetland project for the flood series without pit 
capture.  Figures 20 and 21 are for the respective cases before and after the bridge/wetland 
project for the 100-yr flood with pit capture.   Figures 22 and 23 are for the respective cases 
before and after the bridge/wetland project for the flood series with pit capture.  It can be seen 
that the two figures of each set for the respective cases before and after the bridge/wetland 
project are closely similar with insignificant differences.  It may therefore be concluded that the 
proposed bridge/wetland project will have insignificant effects on the changes in longitudinal 
channel-bed profile. 
 
 For Cases 1, 2, 5, and 6 that are based on the 100-yr flood, the figures show that the 
changes in bed elevation at the bridge and aqueduct crossings are limited.    However, general 
channel- bed degradation is substantial downstream of river mile 20.8 for these cases. This 
degradation development is closely related to the previous mining by J. W. Sand located 
downstream, from river mile 18.8 to river mile 19.6.     
 
 For Cases 3 and 4 that are based on the flood series without pit capture, Figures 15 and 
16 show limited channel-bed scour at the bridge and aqueduct crossings.   During the flood 
series, the channel bed near the bridge and aqueduct crossings undergoes scour when the 
Fenton/Hanson pit traps sediment while it is being refilled.  The maximum channel-bed scour is 
reached before the peak flow.  As the Fenton/Hanson pit becomes gradually refilled during the 
flood series, bed sediment will again be transported downstream.  When the downstream channel 
bed is supplied with sediment, the scour trend reverses at the bridge and aqueduct crossings.  The 
channel-bed profiles at the peak flow and at the end of series do not depict the maximum scour.   
For these two cases, general channel-bed degradation is substantial downstream of river mile 
20.8.   This degradation development is closely related to the previous mining by J. W. Sand 
located downstream, from river mile 18.8 to river mile 19.6.     
 
 For Cases 7 and 8 that are based on the flood series with pit capture, Figures 19 and 20 
show general channel-bed degradation along the channel breach between the J. W. mining site 
and the Fenton/Hanson mining site upstream of river mile 21.48.   This degradation is substantial 
and it is primarily related to the cut-off of sediment supply for the pit capture scenario. 
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Longitudinal Profiles During 100-yr Flood 
Proposed Conditions without Pit Capture
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Figure 16. Water-surface and channel-bed profile changes during 100-yr flood 

for existing conditions without pit capture 
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Figure 17. Water-surface and channel-bed profile changes during 100-yr flood 

for proposed conditions without pit capture 
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Longitudinal Profiles During Flood Series 
Existing Conditions without Pit Capture
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Figure 18. Water-surface and channel-bed profile changes during flood series 

for existing conditions without pit capture 
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Figure 19. Water-surface and channel-bed profile changes during flood series 

for proposed conditions without pit capture 
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Longitudinal Profiles During 100-yr Flood 
Existing Conditions with Pit Capture
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Figure 20. Water-surface and channel-bed profile changes during 100-yr flood 

for existing conditions with pit capture 
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Figure 21. Water-surface and channel-bed profile changes during 100-yr flood 

for proposed conditions with pit capture 



 
 

31

Longitudinal Profiles During Flood Series 
Existing Conditions with Pit Capture
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Figure 22. Water-surface and channel-bed profile changes during flood series 

for existing conditions with pit capture 
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Figure 23. Water-surface and channel-bed profile changes during flood series 

for proposed conditions with pit capture
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 Grading Plan for River Channel near the Bridge Crossing – The proposed Gregory Canyon Bridge is located near river mile 20.9 (river 
section 4600).  The bridge plan and profile are shown in Figure 24. 

 
Figure 24. Bridge plan and profile
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 Grading Plan for the Wetland – A wetland has been proposed; its location is along the 
north river bank just downstream of the bridge crossing as shown in Figure 25.  The wetland will 
be created by slight lowering the existing ground surface. 
 

 
Figure 25. Location and grading plan for proposed wetland 

 
 Changes in Cross-Sectional Profile at Proposed Bridge Crossing – Information on 
potential channel bed scour at the proposed bridge crossing is required for the design of bridge 
footings and bank protection.  The maximum scour at the bridge crossing occurs during the flood 
series with pit capture.   Channel sections 4600 and 4638 near the bridge crossing will be graded 
for the bridge/wetland project.  Simulated cross-sectional changes at sections 4600 and 4638 are 
shown in Figures 26 and 27, respectively.  Minimum bed elevations reached by general scour at 
this channel section is 294 feet. 
 
 Local Scour at Bridge Piers/Bents ─ For the piers of the bridge, the total scour is the 
general scour plus the local scour at the piers. The magnitude of local scour around bridge 
piers/bents may be estimated using certain established formulas.  The Federal Highway 
Administration has adopted the following equation (see Hydraulic Engineering Circular No. 18, 
FHWA, 2004) for round-nosed piers/bents or cylindrical piers/bents. 
 
         Ys/Y1 = 2.0 K1 K2 (b/Y1)0.65 F0.43           (2) 
 
where Y = depth of local scour measured from the mean bed elevation, in feet; 
 K1 = correction for pier/bent nose shape, equal to 1 for circular piers/bents 
         and 1.1 for rectangular piers/bents; 
 K2 = correction factor for angle of attack, equal to 1 for zero skew; 
 b = projected pier/bent width; 
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 Y1 = approach flow depth; 
 F = Froude number = V//gY1; and 
 V = velocity of approach flow. 
The required hydraulic information for this equation is included in the FLUVIAL-12 output with 
the bridge in place. 
 
 The depths of local scour at the bridge piers were computed using Equation 2.  For the 
proposed conditions, pertinent parameters for the bridge hydraulics are taken from the output 
listings of FLUVIAL-12 at section 4638 at the peak discharge.   At the peak discharge, the 
computed flow depth is 8.4 feet, the velocity is 8.11 fps, and the Froude number is 0.55.  Since 
the pier width is not yet selected, several pier widths were assumed.  The computed local scour 
depths for several pier widths or diameters are listed in Table 3. The maximum total scour at the 
bridge piers is the general scour plus the local scour.   
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Simulated Changes at Proposed Bridge Crossing 
Flood Series with Pit Capture
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Figure 26. Simulated changes at section 4600 (downstream section of bridge crossing) 

during flood series with pit capture 
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Figure 27. Simulated changes at section 4638 (upstream section of bridge crossing) 

during flood series with pit capture 
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Table 3.  Summary of computed local scour depths at bridge piers/bents 
 

Pier diameter 
Feet 

Local scour depth 
feet 

1.0 3.4 

1.5 4.4 

2.0 5.3 

2.5 6.1 

3.0 6.9 

3.5 7.6 

4.0 8.3 

 
 The maximum total scour at the bridge piers is the general scour plus the local scour.  
The maximum general scour is simulated to reach the bed elevation of 294 feet; the local scour 
depths are in Table 3.  If pile caps are used, they should be located below the elevation of total 
scour.   
 
 Local Scour at Abutments ─ Local scour occurs around embankment and abutments 
because of the obstruction to flow caused by such structures, as illustrated in Figure 28.  The 
scour hole develops as overbank flow reenters the main channel and sets up large vortices to 
wash sediment away.  The scour depth at an abutment is not uniformly distributed as illustrated 
in the figure.   The maximum scour depth occurs near the nose of the abutment on the upstream 
side.  Because of the variation in scour depth, variable toe entrenchment should be used for slope 
protection.   The toe entrenchment should extend beyond the scour depth.  
 

 
Figure 28.  Schematic of scour depth distribution around a bridge abutment 

 
 Under the present state of art, there is no reliable method for computing the depth of 
abutment scour.   It is generally recognized that the depth of abutment scour is directly related to 
the ratio of channel width to bridge opening width.  On this basis of this understanding, depths of 
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abutment scour were assumed to be 8 feet.    Of course, there is no assurance that this value is 
reliable.  The abutments for the proposed bridge are designed with vertical bank protection.   The 
toe elevation for the bank protection is the design bed elevation minus the general scour depth 
and an additional depth of 8 feet for abutment scour.   The recommended toe elevation for the 
bank protection is 288 feet. 
 
VI. CHANNEL BED SCOUR AT AQUEDUCT CROSSING 
 
 Changes in Cross-Sectional Profile at Aqueduct Crossing ─ Simulated cross-sectional 
changes at the aqueduct crossing are shown in Figures 29 through 36.  The changes in cross-
sectional profile are presented for the cases before and after the bridge/wetland project, referred 
to as the existing conditions and the proposed conditions.  Figures 29 and 30 are for the 
respective cases before and after the bridge/wetland project for the 100-yr flood without pit 
capture.  Figures 31 and 32 are for the respective cases before and after the bridge/wetland 
project for the flood series without pit capture.  Figures 33 and 34 are for the respective cases 
before and after the bridge/wetland project for the 100-yr flood with pit capture.   Figures 35 and 
36 are for the respective cases before and after the bridge/wetland project for the flood series 
with pit capture.  It can be seen that the two figures of each set for the respective cases before 
and after the bridge/wetland project are closely similar with insignificant differences.  It may 
therefore be concluded that the proposed bridge/wetland project will have insignificant effects on 
the changes in cross-sectional profile at the aqueduct crossing. 
 
 Maximum Scour Depths at Aqueduct Crossing ─ In order to determine the effects of 
the bridge/wetland project on potential scour at the aqueduct, the maximum scour depths for the 
eight cases evaluated were compared.   The maximum scour depth is represented by the 
minimum bed elevation reached by general scour during the 100-yr flood or the flood series.  
The simulated results on the minimum bed elevation are summarized in Table 4 for comparison.   
It can be seen from the tabulated values that there is a small increase or decrease of the scour 
depth associated with the bridge/wetland project.  Such increases are less than 1 foot. The 
FLUVIAL-12 model employs a finite difference scheme and its accuracy on scour depth 
prediction is limited to1 foot.   For this reason, the differences on the predicted maximum scour 
depths between the respective cases with and without the bridge/wetland project are not 
significant in consideration of the modeling accuracy. 
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Simulated Changes During 100-yr Flood at Aqueduct Crossing 
Existing Conditions without Pit Capture
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Figure 29. Simulated changes in cross-sectional profile during 100-yr flood 

at aqueduct crossing for existing conditions without pit capture 
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Figure 30. Simulated changes in cross-sectional profile during 100-yr flood 

at aqueduct crossing for proposed conditions without pit capture 



 
 

39

Simulated Changes During Flood Series at Aqueduct Crossing 
Existing Conditions without Pit Capture
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Figure 31. Simulated changes in cross-sectional profile during flood series 

at aqueduct crossing for existing conditions without pit capture 
 

Simulated Changes During  Flood Series at Aqueduct Crossing 
Proposed Conditions without Pit Capture
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Figure 32. Simulated changes in cross-sectional profile during flood series 

at aqueduct crossing for proposed conditions without pit capture 
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Simulated Changes During 100-yr Flood at Aqueduct Crossing 
Existing Conditions with Pit Capture
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Figure 32. Simulated changes in cross-sectional profile during 100-yr flood 

at aqueduct crossing for existing conditions with pit capture 
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Figure 34. Simulated changes in cross-sectional profile during 100-yr flood 

at aqueduct crossing for proposed conditions with pit capture 
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Simulated Changes During Flood Series at Aqueduct Crossing 
Existing Conditions with Pit Capture

285

290

295

300

305

310

315

320

1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000
Station (looking downstream), feet 

El
ev

at
io

n,
 fe

et Initial bed
Bed at peak flow
Bed at end of flood
Peak water surace
Aqueduct

100

 
Figure 35. Simulated changes in cross-sectional profile during flood series 

at aqueduct crossing for existing conditions with pit capture 
 

Simulated Changes During Flood Series at Aqueduct Crossing 
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Figure 36. Simulated changes in cross-sectional profile at aqueduct crossing 

for proposed conditions with pit capture 
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Table 4.  Comparisons of the maximum general scour depths 

 
 

Case 
 

Flood 
 

Bridge/wetland 
project 

 
Pit capture 

Behind levee 

 
Minimum elev. reached 

by scour, feet 
 
1 

 
100-yr 

 
Before project 

 
No 

 
300.0 

 
2 

 
100-yr 

 
After project 

 
No 

 
299.6 

 
3 

 
Series 

 
Before project 

 
No 

 
299.6 

 
4 

 
Series 

 
After project 

 
No 

 
300.0 

 
5 

 
100-yr 

 
Before project 

 
Yes 

 
299.0 

 
6 

 
100-yr 

 
After project 

 
Yes 

 
298.8 

 
7 

 
Series 

 
Before project 

 
Yes 

 
293.0 

 
8 

 
Series 

 
After project 

 
Yes 

 
293.0 

 
 
 Evaluation of Aqueduct Pipeline Stability ─ Pipelines buried under a stream bed must 
always stay beneath the ground cover.  If any segment of a pipeline is subject to exposure by 
potential stream bed scour, it is considered inadequate since a buried pipeline is usually not 
designed to support itself.  Stream bed scour consists of general scour and local scour.  The 
depths of general scour were simulated in mathematical modeling; the local scour depths may be 
computed using available empirical formulas. 
 
 Local scour may be caused by any local obstruction to flow, such as tree trunks, 
pipelines, manholes, pier supports, and abutments, etc.  The scour depth around piers or 
manholes may be computed, but not so for other irregular shapes.  If a pipeline is exposed, then 
the pipeline itself becomes an obstruction to flow.  Turbulence so created will usually result in 
additional scour around the pipeline.  In view of this local scour factor, the minimum ground 
cover of 6 feet below the general scour is considered essential for the stability of a buried 
pipeline. 
 
 In order to determine if the pipelines may be exposed by general scour, the simulated 
pattern of general scour for each case was compared with the pipeline location.   On the basis of 
the comparison, it was determined that the general scour alone will not reach the pipelines during 
the 100-yr flood but the pipelines will be reached by general scour during the flood series with 
pit capture.   While the pipelines will not be reached by general scour for the case of the100-yr 
flood, general scour will reach bed elevation that is about 6 feet above the pipelines.  In 
consideration of the total scour (general scour plus the local scour), it may be concluded that the 
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pipelines are subject to exposure by potential scour under the current physical conditions of the 
San Luis Rey River.     
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APPENDIX A. INPUT/OUTPUT DESCRIPTIONS FOR FLUVIAL-12 
 
I.  INPUT DESCRIPTION 
 

The basic data requirements for a modeling study include (1) topographic maps of the 
river reach from the downstream end to the upstream end of study, (2)  digitized data for cross 
sections  in the HEC-2 format with cross-sectional locations shown on the accompanying 
topographic maps, (3) flow records or flood hydrographs and their variations along the study 
stream reach, it any, and (4) size distributions of sediment samples along the study reach.  
Additional data are required for special features of a study river reach. 
      

The HEC-2 format for input data is used in all versions of the FLUVIAL model.  Data 
records for HEC-2 pertaining to cross-sectional geometry (X1 and GR), job title (T1, T2, and 
T3), and end of job (EJ), are used in the FLUVIAL model.  If a HEC-2 data file is available, it is 
not necessary to delete the unused records except that the information they contain are not used 
in the computation.  For the purpose of water- and sediment-routing, additional data pertaining to 
sediment characteristics, flood hydrograph, etc., are required and supplied by other data records.  
Sequential arrangement of data records are given in the following. 
 
Records       Description of Record Type 
 
T1,T2,T3  Title Records 
  G1        General Use Record 
  G2        General Use Records for Hydrographs 
  G3       General Use Record  
  G4      General Use Record for Selected Cross-Sectional Output 
  G5        General Use Record 
  G6        General Use Record for Selecting Times for Summary Output 
  G7  General Use Record for Specifying Erosion Resistant Bed Layer 
  GS        General Use Records for Initial Sediment Compositions 
  GB          General Use Records for Time Variation of Base-Level 
  GQ       General Use Records for Stage-Discharge Relation of Downstream Section 
  GI       General Use Records for Time Variation of Sediment Inflow  
  X1      Cross-Sectional Record 
  XF       Record for Specifying Special Features of a Cross Section  
  GR       Record for Ground Profile of a Cross Section  
  SB  Record for Special Bridge Routine 
  BT  Record for Bridge Deck Definition 
  EJ  End of Job Record 
 

Variable locations for each input record are shown by the field number.  Each record has 
an input format of (A2, F6.0, 9F8.0).  Field 0 occupying columns 1 and 2 is reserved for the 
required record identification characters.  Field 1 occupies columns 3 to 8; Fields 2 to 10 occupy 
8 columns each.  The data records are tabulated and described in the following. 
 
 
T1, T2, T3 Records - These three records are title records that are required for each job. 
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Field Variable Value  Description 
 
  0 IA  T1 Record identification characters 
 
1-10 None  Numbers and alphameric characters for title 
 
 
G1 Record - This record is required for each job, used to enter the general parameters listed 
below.  This record is placed right after the T1, T2, and T3 records. 
 
Field Variable Value  Description 
 
  0        IA G1 Record identification characters  
 
  1 TYME + Starting time of computation on the hydrograph, in hours 
 
  2 ETIME + Ending time of computation on the hydrograph, in hours 
 
  3 DTMAX + Maximum time increment Δt allowed, in seconds 
     
  4 ISED 1 Select Graf's sediment transport equation. 
      2 Select Yang's unit stream power equation. 
                         The sediment size is between 0.063 and 10 mm. 
  3 Select Engelund-Hansen sediment equation.  
                4 Select Parker gravel equation. 
  5 Select Ackers-White sediment equation. 
  6 Select Meyer-Peter Muller equation for bed load. 

 
  5 BEF + Bank erodibility factor for the study reach.  This value is used    
value between 0 
   and 1 may be used. 
 
  6 IUC 0 English units are used in input and output. 
  1 Metric units are used in input and output. 
 
  7  CNN + Manning's n value for the study reach.  This value is used for a sec-      
   tion unless otherwise specified in Field 4 of the XF  record.  If bed 
   roughness is computed based upon alluvial bedforms as specified 
   in Field 5 of the G3 record, only an approximate n value needs to 
   be entered here. 
 
  8 PTM1 + First time point in hours on the hydrograph at which summary out- 
    put and complete cross-sectional output are requested.  It is usually 
   the peak time, but it may be left blank if no output is requested. 
 
  9 PTM2 + Second time point on the hydrograph in hours at which summary    
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   usually the time just before the end of the simulation.  This field 
   may be left blank if no output is needed. 
 
 10 KPF + Frequency of printing summary output, in number of time steps.     
 
 
G2 Records - These records are required for each job, used to define the flow hydrograph(s) in 
the channel reach.  The first one (or two) G2 records are used to define the spatial variation in 
water discharge along the reach; the succeeding ones are employed to define the time variation(s) 
of the discharge.  Up to 10 hydrographs, with a maximum of 120 points for each, are currently 
dimensioned.  See section II for tributaries.  These records are placed after the G1 record.  
 
Field Variable Value  Description 
 
First G2 
  0 IA G2 Record identification characters 
 
  1 IHP1 + Number of last cross section using the first (downstream most) 
   hydrograph.  The number of section is counted from downstream 
   to upstream with the downstream section number being one.  See 
   also section II. 
 
  2 NP1 + Number of points connected by straight segments used to define    
 
  3 IHP2 + Number of last section using the second hydrograph if any. 
   Otherwise leave it blank. 
 
  4 NP2 + Number of points used to define the second hydrograph if any.  
   Otherwise leave it blank. 
 
  5 IHP3 + Number of last section using the third hydrograph if any.  
   Otherwise leave it blank. 
 
  6 NP3 + Number of points used to define the third hydrograph if any. 
   Otherwise leave it blank. 
 
  7 IHP4 + Number of last section using the fourth hydrograph if any. 
   Otherwise leave it blank. 
 
  8 NP4 + Number of points used to define the fourth hydrograph if any.  
   Otherwise leave it blank. 
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  9 IHP5 + Number of last section using the fifth hydrograph if any.  
   Otherwise leave it blank. 
 
 10 NP5 + Number of points used to define the fifth hydrograph if any.  
   Otherwise leave it blank.   
 
Second G2: Note that this record is used only if more than 5 hydrographs are used for the job. It 
is necessary to place a negative sign in front of NP5 located in the 10th field of the first G2 
record as a means to specify that more than 5 hydrographs are used.  
 
  0 IA G2 Record identification characters 
 
  1 IHP6 + Number of last cross section using the sixth hydrograph if any.  
   Otherwise leave it blank.  
 
  2 NP6 + Number of points connected by straight segments used to define    
 
  3 IHP7 + Number of last section using the seventh hydrograph if any. 
   Otherwise leave it blank. 
 
  4 NP7 + Number of points used to define the seventh hydrograph 
 
  5 IHP8 + Number of last section using the eighth hydrograph if any.  
   Otherwise leave it blank. 
 
  6 NP8 + Number of points used to define the eighth hydrograph 
 
  7 IHP9 + Number of last section using the ninth hydrograph if any. 
   Otherwise leave it blank. 
 
  8 NP9 + Number of points used to define the ninth hydrograph 
 
  9 IHP10 + Number of last section using the tenth hydrograph if any.  
   Otherwise leave it blank. 
 
 10 NP10 + Number of points used to define the tenth hydrograph 
    
Succeeding G2 Record(s) 
  1 Q11, Q21 + Discharge coordinate of point 1 for each hydrograph, 
 Q31  in ft3/sec or m3/sec  
 
  2 TM11,TM21 + Time coordinate of point 1 for each hydrograph, in hours 
 TM31               
 
  3 Q12, Q22 + Discharge coordinate of point 2 for each hydrograph, in cfs or cms 
 Q32            
 
  4 TM12,TM22 + Time coordinate of point 2 for each hydrograph, in hours 
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 TM32  
 
Continue with additional discharge and time coordinates. Note that time coordinates must be in 
increasing order. 
 
 
G3 Record - This record is used to define required and optional river channel features for a job 
as listed below.  This record is placed after the G2 records. 
 
Field Variable Value  Description 
 
  0 IA G3 Record identification characters 
 
  1 S11 + Slope of the downstream section, required for a job 
 
  2 BSP 0 One-on-one slope for rigid bank or bank protection 
  + Slope of bank protection in BSP horizontal units on 1 vertical unit.   
   for all cross sections unless otherwise specified in Field 8 of the 
   XF record for a section. 
 
  3 DSOP 0 Downstream slope is allowed to vary during simulation. 
  1 Downstream slope is fixed at S11 given in Field 1. 
 
  4 TEMP 0 Water temperature is 15oC. 
  + Water temperature in degrees Celsius 
 
  5 ICNN 0 Manning's n defined in Field 7 of the G1 record or those in Field 4 
   of the XF records are used. 
  1 Brownlie's formula for alluvial bed roughness is used to calculate 
   Manning's n in the simulation. 
 
  6 TDZAMA 0 Thickness of erodible bed layer is 100 ft (30.5 m). 
  + Thickness of erodible bed layer in ft or m. This value is applied to   
 
  7 SPGV 0 Specific gravity of sediment is 2.65. 
  + Specific gravity of sediment 
 
  8 KGS 0 The number of size fractions for bed material is 5. 
  + The number of size fractions for bed material.  It maximum value 
   is 8. 
 
  9 PHI 0 The angle of repose for bed material is 36o. 
  + Angle of repose for bed material 
 
 
G4 Record -  This is an optional record used to select cross sections (up to 4) to be included at 
each summary output.  Each cross section is identified by its number which is counted from the 
downstream section.  This record also contains other options; it is placed after the G3 record. 
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Field Variable Value  Description 
 
  0 IA G4 Record identification characters 
 
  1 IPLT1 + Number of cross section  
 
  2 IPLT2 + Number of cross section 
 
  3 IPLT3 + Number of cross section 
 
  4 IPLT4 + Number of cross section 
 
  5 IEXCAV + A positive integer indicates number of cross section where 
   sand/gravel excavation occurs.  
 
  6 GIFAC + A non-zero constant is used to modify sediment inflow at the 
   upstream section. 
 
  7 PZMIN 0 Minimum bed profile during simulation run is not requested. 
  1 Output file entitled TZMIN for minimum bed profile is requested. 
 
 10 REXCAV + A non-zero value specifies rate of sand/gravel excavation at 
   Section IEXCAV.    
 
 
G5 Record - This is an optional record used to specify miscellaneous options, including 
unsteady-flow routing for the job based upon the dynamic wave, bend flow characteristics.  If the 
unsteady flow option is not used, the water-surface profile for each time step is computed using 
the standard-step method.  When the unsteady flow option is used, the downstream water-surface 
elevation must be specified using the GB records. 
 
Field Variable Value  Description 
 
  0 IA G5 Record identification characters 
 
  1 DT 0 The first time step is 100 seconds. 
  + Size of the first time step in seconds. 
 
  2 IROUT 0 Unsteady water routing is not used; water-surface profiles are com- 
   puted using standard-step method. 
  1 Unsteady water-routing based upon the dynamic wave is used to   
   compute stages and water discharges at all cross sections for each 
   time step. 
  3 PQSS 0 No output of gradation of sediment load 
  3 Gradation of sediment load is included in output in 1,000 ppm by 
   weight. 
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  5 TSED 0 Rate of tributary sediment inflow is 1 times the discharge ratio. 
  + Rate of tributary sediment inflow is TSED times the discharge 
   ratio. 
 
  6 PTV 0 No output of transverse distribution of depth-averaged velocity  
  1 Transverse distribution of depth-averaged velocity is printed.  The 
    velocity distribution is for bends with fully developed transverse 
   flow. 
 
 10 DYMAX 0 No GR points are inserted for cross sections. 
  + Maximum value of spacing between adjacent points at a cross    
 
G6 Record - This is an optional record used to select time points for summary output.  Up to 30 
time points may be specified.  The printing frequency (KPF) in Field 10 of the G1 Record may 
be suppressed by using a large number such as 9999. 
 
Field Variable Value  Description 
 
First G6 Record 
  0 IA G6 Record identification characters 
 
  1 NKPS + Number of time points 
 
Succeeding G6 Record(s) 
  0 IA G6 Record identification characters 
      
  1 SPTM(1) + First time point, in hours  
 
  2 SPTM(2) + Second time point, in hours 
 
Continue with additional time points. 
 
 
G7 Record - This is an optional record used to specify erosion resistant bed layer, such as a 
caliche layer, that has a lower rate of erosion. 
 
Field Variable Value  Description 
First G7 Record 
  0 IA G7 Record identification characters 
 
  1 KG7 + Number of time points used to define the known erosion rate in 
   relation to flow velocity 
 
  2 THICK + Thickness of erosion resistant layer, in feet 
 
Succeeding G7 Record(s) 
  0 IA G7 Record identification characters 
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  1 ERATE(1) + Erosion rate, in feet per hour  
 
  2 G7V(2) + Velocity, in feet per second 
 
Continue with additional time points. 
 
 
GS Record - At least two GS records are required for each job, used to specify initial bed-
material compositions in the channel at the downstream and upstream cross sections.  The first 
GS record is for the downstream section; it should be placed before the first X1 record and after 
the G4 record, if any.  The second GS record is for the upstream section; it should be placed after 
all cross-sectional data and just before the EJ record.  Additional GS records may be inserted 
between two cross sections within the stream reach, with the total number of GS records not to 
exceed 15.  Each GS record specifies the sediment composition at the cross section located 
before the record.  From upstream to downstream, exponential decay in sediment size is assumed 
for the initial distribution.  Sediment composition at each section is represented by five size 
fractions.   
 
Field Variable Value  Description 
 
  0 IA GS Record identification characters 
 
  1 DFF + Geometric mean diameter of the smallest size fraction in mm 
 
  2 PC + Fraction of bed material in this size range 
 
Continue with other DFF's and PC's. 
 
GB Records - These optional records are used to define time variation of stage (water-surface 
elevation) at a cross section.  The first set of GB records is placed before all cross section records 
(X1); it specifies the downstream stage.  When the GB option is used, it supersedes other 
methods for determining the downstream stage.  Other sets of GB records may be placed in other 
parts of the data set; each specifies the time variation of stage for the cross section immediately 
following the GB records. 
 
Field Variable Value  Description 
 
 
First GB Record 
  0 IA GB Record identification characters 
 
  1 KBL + Number of points used to define base-level changes 
 
Succeeding GB Record(s) 
  0 IA GB Record identification characters 
      
  1 BSLL(1) + Base level of point 1, in ft or m  
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  2 TMBL(1) + Time coordinate of point 1, in hours 
 
  3 BSLL(2) + Base level of point 2, in ft or m 
 
  4 TMBL(2) + Time coordinate of point 2, in hours 
 
Continue with additional elevations and time coordinates, in the increasing order of time. 
 
 
GQ Records -  These optional records are used to define stage-discharge relation at the 
downstream section.  The GQ input data may not used together with the GB records. 
 
Field Variable Value  Description 
 
First GQ Record 
  0 IA GQ Record identification characters 
 
  1 KQL + Number of points used to define base-level changes 
 
Succeeding GQ Record(s) 
  0 IA GQ Record identification characters 
      
  1 BSLL(1) + Base level of point 1, in ft or m  
 
  2 TMQ(1) + Discharge of point 1, in cfs or cms 
 
  3 BSLL(2) + Base level of point 2, in ft or m 
 
  4 TMQ(2) + Discharge of point 2, in cfs or cms 
 
Continue with additional elevations and discharges, in the increasing order of discharge. 
 
GI Records - These optional records are used to define time variation of sediment discharge 
entering the study reach through the upstream cross section.  The GI input data, if included, will 
supersede other methods for determining sediment inflow.  The sediment inflow is classified into 
the two following cases: (1) specified inflow at the upstream section, such as by a rating curve; 
and (2) sediment feeding, such as from a dambreach or a sediment feeder.  These two cases are 
distinguished by DXU in Field 2 of this record.  For the first case, sediment discharge at the 
upstream section is computed using size fractions of bed-material at the section, but for the 
second case, the size fractions of feeding material need to be specified using the PCU values in 
this record.  The upstream section does not change in geometry for the first case but it may 
undergo scour or fill for the second case. 
 
Field Variable Value  Description 
 
First GI Record 
  0 IA GI Record identification characters 
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  1 KGI + Number of points used to define time variation of sediment inflow.  
 
  2 DXU + or 0 Channel distance measured from the upstream section to the    
   and KGI signify case 2, for which PCU values are required. 
 
 3-10 PCU + Size fractions of inflow material.  The number of size fractions is 
   given in Field 8 of the G3 record and the sizes for the fractions are 
   given in the second GS record. 
 
Succeeding GI Record(s) 
  0 IA GI Record identification characters 
      
  1 QSU(1) + Sediment discharge of point 1, in cubic ft or m (net volume) per 
   second  
 
  2 TMGI(1) + Time coordinate of point 1, in hours 
 
  3 QSO(2) + Sediment discharge of point 2 
 
  4 TMGI(2) + Time coordinate of point 2. 
 
Continue with additional sediment discharges and time coordinates, in the increasing order of 
time coordinates.  
 
X1 Record -  This record is required for each cross section (175 cross sections can be used for 
the study reach); it is used to specify the cross-sectional geometry and program options 
applicable to that cross-section.  Cross sections are arranged in sequential order starting from 
downstream.  
 
Field Variable Value  Description 
 
  0 IA X1 Record identification characters 
 
  1 SECNO + Original section number from the map 
 
  2 NP + Total number of stations or points on the next GR records for    
 
  7 DX + Length of reach between current cross section and the next down- 
   stream section along the thalweg, in feet or meters 
          
  8 YFAC 0 Cross-section stations are not modified by the factor YFAC.    
  + Factor by which all cross-section stations are multiplied to increase 
   or decrease area. It also multiplies YC1, YC2 and CPC in the XF 
   record, and applies to the CI record. 
 
  9 PXSECE 0 Vertical or Z coordinate of GR points are not modified. 
  + Constant by which all cross-section elevations are raised or 
   lowered 



 54

 
 10 NODA 0 Cross section is subject to change. 
  1 Cross section is not subject to change. 
 
XF Record - This is an optional record used to specify special features of a cross section. 
 
Field Variable Value  Description 
 
  0 IA XF Record identification characters 
 
  1 YC1 0 Regular erodible left bank 
  + Station of rigid left bank in ft or m, to the left of which channel    
   dinates in GR records but not the first Y coordinate. 
 
  2 YC2 0 Regular erodible right bank 

+  Station of rigid right bank, to the right of which channel is non-
erodible.  Note: This station is located at toe of rigid bank; its value 
must be equal to one of the Y coordinates in GR records but not 
the last Y coordinate. 

 
  3 RAD 0 Straight channel with zero curvature 
             + Radius of curvature at channel centerline in ft or m.  Center of 
   radius is on same side of channel where the station (Y-coordinate) 
   starts.     
  - Radius of curvature at channel centerline in ft or m.  Center of 
   radius is on opposite side of zero station.  Note: RAD is used only 
   if concave bank is rigid and so specified using the XF record.  
   RAD produces a transverse bed scour due to curvature.  
 
  4 CN 0 Roughness of this section is the same as that given in Field 7 of the 
   G1 record. 
  + Manning's n value for this section 
           
  5 CPC 0 Center of thalweg coincides with channel invert at this section. 
  + Station (Y-coordinate) of the thalweg in ft or m 
 
  6 IRC 0 Regular erodible cross section 
  1 Rigid or nonerodible cross section such as drop structure or road 
   crossing.  There is no limit on the total number of such cross 
   sections. 
 
  8 BSP 0 Slope of bank protection is the same as that given in Field 2 of  the 
   G3 record. 
  + Slope of bank protection at this section in BSP horizontal units    
  5 Slope of rigid bank is defined by the GR coordinates. 
 
  9 BEFX 0 Bank erodibility factor is defined in Field 5 of the G1 record.   
  + A value between 0.1 and 1.0 for BEFX specifies the bank 
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   erodibility factor at this section. 
 RWD + RWD is the width of bank protection of a small channel in the    
   specified by a value greater than 1 (ft or m) in this field.  When 
   RWD is used, BEFX is not specified. 
 
 10 TDZAM 0 Erodible bed layer at this section is defined by TDZAMA in Field   
  + Thickness of erodible bed layer in ft or m.  Only one decimal place 
   is allowed for this number. 
 ENEB + Elevation of non-erodible bed, used to define the crest elevation of 
   a grade-control structure which may be above or below the existing 
   channel bed.  In order to distinguish it from TDZAM, ENEB must 
   have the value of 1 at the second decimal place.  For example, the 
   ENEB value of 365 should be inputted as 365.01 and the ENEB 
   value of -5.2 should be inputted as -5.21. When ENEB is specified, 
   it supersedes TDZAM and TDZAMA 
 
 
CI Record - This is an optional record used to specify channel improvement options due to 
excavation or fill.  The excavation option modifies the cross-sectional geometry by trapezoidal 
excavation.  Those points lower than the excavation level are not filled.  The fill option modifies 
the cross-sectional geometry by raising the bed elevations to a prescribed level.  Those points 
higher than the fill level are not lowered.  Excavation and fill can not be used at the same time.  
This record should be placed after the X1 and XF records but before the GR records.  The 
variable ADDVOL in Field 10 of this record is used to keep track of the total volume of 
excavation or fill along a channel reach.  ADDVOL specifies the initial volume of fill or 
excavation.  A value greater or less than 0.1 needs to be entered in this field to keep track of the 
total volume of fill or excavation until another ADDVOL is defined.  
 
Field Variable Value  Description 
 
  0 IA G5 Record identification characters 
 
  1 CLSTA + Station of the centerline of the trapezoidal excavation, expressed 
   according to the stations in the GR records, in feet or meter. 
 
  2  CELCH  + Elevation of channel invert for trapezoidal channel, in feet or 
   meters. 
 
  4 XLSS + Side slope of trapezoidal excavation, in XLSS horizontal units for 
   1 vertical unit. 
 
  5 ELFIL + Fill elevation on channel bed, in feet or meters. 
 
  6 BW + Bed width of trapezoidal channel, in feet or meters.  This width is 
   measured along the cross section line; therefore, a larger value 
   should be used if a section is skewed. 
 
 10 ADDVOL 0 Volume of excavation or fill, if any, is added to the total volume 
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   already defined. 
  + Initial volume of fill on channel bed, in cubic feet or cubic meters. 
  - Initial volume of excavation from channel bed, in cubic feet or 
   meters. 
 
GR Record -  This record specifies the elevation and station of each point for a digitized cross 
section; it is required for each X1 record. 
 
Field Variable Value  Description 
 
  0 IA GR Record identification characters 
 
  1 Z1 " Elevation of point 1, in ft or m. It may be positive or negative. 
 
  2 Y1 " Station of point 1, in ft or m 
 
  3 Z2 " Elevation of point 2, in ft or m 
 
  4 Y2 " Station of point 2, in ft or m 
 
Continue with additional GR records using up to 79 points to describe the cross section.  Stations 
should be in increasing order.   
 
SB Record -  This special bridge record is used to specify data in the special bridge routine.  
This record is used together with the BT and GR records for bridge hydraulics.  This record is 
placed between cross sections that are upstream and downstream of the bridge.  
 
Field Variable Value  Description 
 
  0 IA SB Record identification characters 
         
  1 XK + Pier shape coefficient for pier loss 
 
  2 XKOR + Total loss coefficient for orifice flow through bridge opening 
 
  3 COFQ + Discharge coefficient for weir flow overtopping bridge roadway 
 
  4 IB + Bridge index, starting with 1 from downstream toward upstream 
 
  5 BWC + Bottom width of bridge opening including any obstruction 
 
  6 BWP 0 No obstruction (pier) in the bridge 
 
  i Total width of obstruction (piers) 
 
  7 BAREA + Net area of bridge opening below the low chord in square feet 
 
  9 ELLC + Elevation of horizontal low chord for the bridge 
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  10 ELTRD + Elevation of horizontal top-of-roadway for the bridge 
 
BT Record -  This record is used to compute conveyance in the bridge section.   The BT data 
defines the top-of -roadway and the low chord profiles of bridge.  The program uses the BT, SB 
and GR data to distinguish and to compute low flow, orifice flow and weir flow.  
 
Field Variable Value  Description 
 
  0 IA BT Record identification characters 
 
  1 NRD  + Number of points defining the bridge roadway and bridge low 
chord 
   to be read on the BT records 
 
  2 RDST(1) + Roadway station corresponding to RDEL(1) and XLCEL(1) 
 
  3 RDEL(1) + Top of roadway elevation at station RDST(1) 
 
  4 XLCEL(1) + Low chord elevation at station RDST(1) 
 
  5 RDST(2) + Roadway station corresponding to RDEL(2) and XLCEL(2) 
 
  6 RDEL(2) + Top of roadway elevation at station RDST(2) 
 
 
  7 XLCEL(2) + Low chord elevation at station RDST(2) 
 
Continue with additional sets of RDST, RDEL, and XLCEL. 
 
 
EJ Record -  This record is required following the last cross section for each job.  Each group of 
records beginning with the T1 record is considered as a job. 
 
Field Variable Value  Description 
 
  0 IA EJ Record identification characters 
 
1-10   Not used 
 
II.  OUTPUT DESCRIPTION 
 

Output of the model include initial bed-material compositions, time and spatial 
variations of the water-surface profile, channel width, flow depth, water discharge, velocity, 
energy gradient, median sediment size, and bed-material discharge.  In addition, cross-sectional 
profiles are printed at different time intervals. 
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Symbols used in the output are generally descriptive, some of them are defined 
below: 
               
SECTION    Cross section     
TIME        Time on the hydrograph 
DT           Size of the time step or Δt in sec 
W.S.ELEV   Water-surface elevation in ft or m 
WIDTH  Surface width of channel flow in ft or m 
DEPTH      Depth of flow measured from channel invert to water surface in ft or m 
Q  Discharge of flow in cfs or cms 
V          Mean velocity of a cross-section in fps or mps 
SLOPE      Energy gradient 
D50         Median size or d50 of sediment load in mm 
QS         Bed-material discharge for all size fractions in cfs or cms 
FR         Froude number at a cross section 
N           Manning's roughness coefficient 
SED.YIELD Bulk volume or weight of sediment having passed a cross section since 

beginning of simulation, in cubic yards or tons. 
WSEL     Water-surface elevation, in ft or m 
Z      Vertical coordinate (elevation) of a point on channel boundary at a cross- 

section, in ft or m 
Y           Horizontal coordinate (station) of a point on channel boundary at a cross- 
  section, in ft or m 
DZ        Change in elevation during the current time step, in ft or m 
TDZ        Total or accumulated change in elevation, in ft or m 
 
 




